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Telecom Test and Maintenance Equipment 


inttoduces the new adve 
ge on of GN Elmi PCM Error 
EPE 51 — for easy error anal 
and_ transmission 
d detailed, from 64 k 


No other PCM error analyser offers 
you all these unique advantages: 


@ Analysing and recording. With EPE 51 
you can analyse the results while 
recording. 


@ Simultaneous measuring of 

— bit errors/ratios 

— block errors/ratios 

— code errors/atios 
and evaluation according to CCITT 
G.821 


@ Modern Scandinavian design. 


@ Options: Jitter generator, Drop-and 
Insert adapter, V.24 and IEC 625/EEE 
488 interfaces. 


Typical applications of the EPE 51 are: 
@ alignment of transmission lines 
@ in-service monitoring of 
digital lines 
@ in-service measure- 
ments 
on PCM systems 
@ test of digital 
multiplex 
equipment 


New Dimensions in PCM Error Analysinc 


@ Flexibility. The EPE 51 can be tailored 
to serve exactly your specific needs 
and skills. 


Our representatives and the new EPE 
51 brochure will bring you closer to the 
new dimensions. 
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Foreword 


GARTH HYLAND 
Telecom Australia 
Chief State Engineer, Tasmania. 


The bicentennial year, 1988, looks back on 200 years of Australia’s achievement and others 
have already reviewed the history of the Telecommunication Journal of Australia. 


One of the outstanding conclusions from these backward glances is the rate of technological 
change in our society, and no industry is more affected than the communications industry. The 
future holds the promise of further increases in the rate of change. 


It is therefore opportune for us to pause for a moment to contemplate the future possibilities 
for the Journal and for the subscribers of the Journal to consider what is desirable in the way 
of change as we head towards the year 2000. 


Two thoughts spring to mind. Firstly, given that all functions within the communications industry 
are becoming increasingly complex, is there scope for broadening the Journal input base to 
encompass more articles of a non-technical nature in the strict sense of the word? It would seem 
that such a course would strengthen reader appeal within the communications industry at large. 


Secondly, it is an often quoted example that the railways in the USA considered they were in 
the rail business rather than transport and failed to capitalise on the expansion of road transport 
that led to the decline of the railways. 


It would seem to be an opportune time for the Journal and its readers to consider whether 
they are in the Journal publishing business or the information exchange business. The former 
means a continuation of past practices. The latter leads to electronic information transfer with 
a wide range of services including extended library search in addition to ready access to a vast 
Telecommunication Journal of Australia index of articles. The means of achieving this are already 
available and will become increasingly so within the next decade. 


The decisions regarding the future directions of the Telecommunication Journal of Australia 
will no doubt be the result of extended debate between its producers and its readers and | wish 
them well in their deliberations. 


The new Telecom network 
management centre in Victoria 


F. A. Coates 


Incidences of heavy traffic overloads in the network are becoming more prevalent and serious as 
the network grows in size and complexity. In the early 1980s it was recognised that managing the 
network as a single entity was important in improving the network's survivability under conditions 
of plant failure and/or traffic overloads. An essential component of this new philosophy is the 
centralisation of network data pertaining to performance in real-time and the ability to mobilise 
resources to correct network problems. A new Network Management Centre has been developed 


as the focal point for these activities in Victoria. 


INTRODUCTION 

The Network Management Centre (NMC) now in 
operation in Exhibition Exchange, Victoria, not only 
introduces the new concepts of real-time network traffic 
management into the network but is the focus of a 
whole new philosophy in management of the network. 

With the growing realisation of the network as a 
single entity and Telecom’s single biggest asset, the 
need to add a broader dimension to its management 
becomes paramount if Telecom is to continue to 
adequately respond to customers’ service expectations. 
Network Management is the term given to this new 
approach and takes an equally important place to the 
plant management domain that has dominated service 
quality efforts in the past. 

This is not to say that the traditional processes in 
plant management were inappropriate or now 
outdated. Rather, the assurance of quality of service 
must come from two quarters: the traditional 
management of individual plant items and now, 
management of the total network as the customer sees 
it — from end to end. 


1. SOME PROBLEMS AND POSSIBLE 

SOLUTIONS 

In the early 1980s, Telecom Australia was becoming 
increasingly concerned about the effects of traffic 
overloads in the Public Switched Telecommunications 
Network (PSTN), in particular the catastrophic 
congestion following mass calling. It was well known 
that these could be caused by events such as natural 
Or man-made disasters, sentimental holidays, 
promotional campaigns, TV polls and similar media 
induced traffic surges. 

Investigations were commenced to determine if the 
dynamic control of traffic flow that had reached a high 
level of sophistication in the United States PSTN could 
be usefully employed in Australia. 

These, so called Network Traffic Management (NTM) 
techniques involved timely human intervention in the 


automatic switching of traffic when that same automatic 
operation became counter-productive to efficient 
operation of the network to carry the calls. Other traffic 
controls may restrict the amount of traffic to a 
congested destination so that essential traffic can gain 
access to or from the network. 

Such techniques were already practiced locally to 
a limited extent, particularly in the major switching 
machines, but to obtain the full potential benefits 
requires network-wide coverage. It was also recognised 
that an organisational structure to develop and enhance 
systems and techniques was needed. 

Upon investigating the placement of this new 
technique within the engineering organisation it was 
found that a commonality of purpose in supporting the 
network facility existed in some existing functional 
groups. The opportunity was therefore taken to 
strengthen these in the process of implementing NTM. 


2. THE MANAGEMENT CONTROL 

CYCLE 

When determining the operating procedures used 
in NTM it was found helpful to consider the process 
as a control cycle. In fact, the overall management of 
the network can be considered as a series of control 
loops each having different response times but all 
involving network monitoring and control actions 

(Figure 1). 

Cycle A The Network Provisioning Cycle. 
Measurements are taken and analysis of the 
measured traffic is undertaken to produce 
traffic forecasts. These forecasts are used to 
dimension the network components. 

Cycle B_ The Network Performance Analysis Cycle. 
The performance of the network is 
continually monitored and fault trends 
analysed. Investigations into the cause of the 
fault are undertaken and disruption rectified. 

Cycle C The Network Traffic Management Cycle. 
The performance of the network is monitored 
in real time and control initiatives 
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Fig. 1. — Network Management Control Cycles 


implemented to overcome network disruption 
almost as it occurs. Investigations into the cause of 
the disturbance can then be undertaken as its effect 
on service has been reduced. 


3. THE NETWORK MANAGEMENT 
CENTRE — A MIXTURE OF OLD 
AND NEW 
Since NTM was expected to provide a massive 

amount of information on the performance of the 

network, the ideal placement of the new function within 

Telecom's existing engineering organisation would 

complement the work done by existing network groups. 

A number of related functional areas were identified 

as having close association with the traffic control 

activity. The transmission facility restoration co- 
ordination area was identified as having closest ties and 
indeed had, years earlier, been proposed to include 
such a function should it be developed. Other areas 
such as network performance and traffic engineering, 
could also be seen to be related by virtue of the 
similarities in their data needs or of having common 
customer groups. 

In Victoria, it was decided that the Network 

Management Centre would accommodate three 

centres in one: 


® Transmission Facilities Management Centre. 
The TFMC, formerly called the SRTCC, co-ordinates 
the restoration of transmission facilities following 
plant failure and also the scheduled outages of 
those facilities for such purposes as maintenance 
and plant rearrangements. 

® Network Performance and Analysis Centre. 

NPAC analyses customers’ network complaints, 

results of test calls and other indicators of plant 

performance to identify network faults or 
unsatisfactory conditions and co-ordinates 
maintenance activities to ensure the speedy 
rectification of fault conditions. 

® Network Traffic Management Centre. 

The NTMC monitors the performance of the network 

and takes action to control the flow of traffic, when 

necessary, to ensure the maximum utilisation of 
network capacity in all situations. Network Traffic 

Management commenced daily operations in the 

Telecom network in mid-1986 following extensive 
trials. 

End-to-end network management therefore 
combines two well established principles with a single 
new one, the NTMC. The originality of the NMC comes, 
not from the tasks themselves, but from the way they 
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are arranged into a powerful combined force. The 
synergy gained from this combination is demonstrated 
later. (See Section 7 below). 

Victoria's Network Management Centre is the first 
of its kind in Australia. Its modern computer systems 
and graphical displays are in advance of similar 
developments overseas. The NMC is being enhanced 
as experience is gained and will serve as a model for 
the development of similar centres in other States as 
part of Telecom's national network management 
project. 


4. WHY INCLUDE NETWORK TRAFFIC 

MANAGEMENT? 

In the lead up to the decision to adopt Network 
Traffic Management (NTM) principles for the Australian 
public switched telephone network, Telecom Australia 
undertook a fundamental review of its network and 
network problems. 

The results of those extensive investigations found 
that the decision to adopt NTM was situation-specific 
with no single determinant having a predominant 
influence on the result. 


TEMC. 


The factors that were influential in considering the 
adoption of network traffic management in Australia 
or not, were: 
® A growing concern with the consequences of total 

failure of SPC exchanges. 
® Evidence that the network was less robust as 

efficiency improved. 
© Prima facie evidence of the tangible benefits 

(revenue, network utilisation and efficiency) claimed 

by overseas telecommunications administrations, 

principly USA and Canada and the importance of 
such benefits to Telecom with the imminent 
introduction of the ISDN. 

® Demographical and geographical differences, 
particularly with the USA, and the network signalling 
differences between North America and Australia. 

® Studies showing that the congestion effects of plant 
shortfalls due to various practical problems, and 
traffic surges due to major events, either man-made 
or natural, would be partly offset by NTM. 

® The relatively simple means of obtaining NTM 
facilities in the new digital telephone exchanges. 


NPAC. 


Fig. 2 — Floor Plan of the Network Management Centre 
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® Difficulty in retro-fitting older generation equipment 
with the necessary sophistication to accommodate 
NTM control and monitoring facilities. 
® Additional, essentially intangible, benefits expected 
eg. greater awareness of the performance of the 
network as the customer sees it: end-to-end and in 
real time. 
In the final analysis the decision to embark upon 
NTM for the entire PSTN had qualifications. In the 
emerging Integrated Digital Network the cost/benefit 
study was decisive. Software design would be 
progressively developed and future design programs 
would reflect the requirements of NTM to ensure 
extensive facilities for the future; in the existing 
analogue network NTM would be selectively 
implemented with periodic reviews of benefits achieved 
and those expected if NTM were further expanded. 
The resultant strategy has a low\cost start-up to 
NTM and a future capacity for cost/benefit studies to 
review NTM as facilities emerge. 


5. NTM IMPLEMENTATION STRATEGY 


The planned rapid penetration of the Integrated 
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Digital Network with an overlay network of digital 
exchanges interconnected in a non-hierarchical manner 
presented an excellent opportunity to apply NTM 
techniques with the aim of achieving, in a planned 
implementation, end-to-end network management. 

On the other hand, the existing analogue network, 
whilst presently occupying an important revenue- 
earning and strategic position in the PSTN, was to 
become a decreasing component of total network 
assets and in the large part was found to be expensive 
in terms of retro-fitting of NTM facilities. 

On balance, it was recommended to introduce NTM 
into the Australian network. The strategy adopted was 
to start immediately to introduce real time performance 
monitoring and control of the network and to 
progressively review progress toward NTM goals. 

Intrinsic to the concept of end-to-end network 
management is the establishment of Network 
Management Centres to accommodate the associated 
functions in a co-ordinated way with appropriate central 
facilities. 


Fig. 3 — Computer Graphics give NMC Staff Real-time Network Information 
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6. IMPORTANCE OF TFMC & NPAC IN 

NETWORK MANAGEMENT 

In the most recent re-organisation of Telecom's 
Engineering Departments it was recognised that the 
end-to-end management of the network was a key issue 
if the Departments were to meet their objectives within 
the new organisation. 

The roles of the TFMC and NPAC were seen to be 
important players in the upgrading of network 
awareness and responsiveness in periods of network 
failure or faults. When the function of NTM was added 
to these existing Centres to assist in traffic overload 
situations, it became feasible to develop new network 
monitoring systems to provide network information to 
all three functions and to the organisation at large. The 
decision to have all three co-sited and organisationally 
joined, further strengthened the effectiveness of the 
joint team. 

It was decided to establish a NMC in Melbourne's 
Exhibition Exchange building and to include the 
existing TFMC and NPAC groups. The staff of these 
Centres and the systems development and strategy 
planning groups that support them were formed into 
a new engineering unit within Telecom Victoria's 
engineering establishment. 

Consideration is now being given to extend the 
operating hours of the NMC to around-the-clock 
operation to take full advantage of the network facilities 
made available. 

The review has been broadened to include within 
the possible 24-hour operation of the NMC the 
inclusion of an after-hours staff recall function to 
improve Telecom's response times to a wide variety of 
network failure situations. 

The functional responsibilities of the various 
components of the Network Management team are: 


Network Management Centre 

® Monitor the status of the network in real time. 

® Instigate procedures to control unstandard network 
conditions — either by direct intervention or as a 
co-ordinating/liaison point — as determined in 
standard operating procedures. 


Operations Support Group 

@ Develop standard operating procedures for the 
NMC. 

® Liaise with planning and operations groups to adapt 
NMC procedures to meet the changing network 
environment. 

@ Prepare reports to management on network 
performance and the effects of unstandard network 
conditions. 

® Maintain network databases for NMC use. 


Systems Support Group 
®@ Develop/implement/enhance a number of network 
management/monitoring/control support systems. 
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® Provide second-in and high level maintenance for 
computer systems. 


7. SYNERGY (OR HOW TWO PLUS ONE 

EQUALS MORE THAN THREE!) 

The organisational arrangements above follow 
similar moves to combine switching and transmission 
functions in network planning and _ installation 
organisations. Such arrangemetns are a reflection of 
the technology convergence in the established 
Integrated Digital Network and the emerging Integrated 
Services Digital Network. 

Additionally, it was expected that synergistic gains 
would be won in the combination of Centres, that is, 
the benefits to be gained from the NMC would come, 
not simply from the execution of the individual tasks 
themselves, but from the way they are arranged into 
a powerful combined force. There is recent measured 
evidence that this synergy exists. 

During most periods of operation within the NMC, 
the individual Centres carry out their fault pattern 
recognition, planned bearer outages, traffic rercuting 
etc. with a minimum regard for the activities of their 
neighbours. However, occasionally a network event 
arises that affects all three groups and it is then that 
the NMC reaps the benefits of the co-sited centres. 

As an example, should the Melbourne-Sydney 
coaxial cable be damaged, the NPAC may interpret this 
event in terms of a fault pattern indicating a large 
number of calls to certain country areas are not 
progressing to completion. The NTMC sees a rise in 
congestion on several traffic streams and the TFMC has 
a number of broadband bearer alarm reports to attend 
and for which patching strategies must be arranged. 
Being co-sited, these three groups now have the bonus 
of the network information from their colleagues. 
Decisions such as the correct NTM control to be 
employed to overcome congestion, the need to advise 
complaints operators of the situation, the issuing of 
fault reports, and the extent and urgency of patching 
of relief bearers etc, can now be made with each 
functional group contributing its own specialist skills 
to the decision-making process. 

A number of individual studies of the effects of 
NTM actions during periods of plant failure or network 
overload have been made to evaluate benefits. One 
such study was conducted following the failure of the 
Sydney-Melbourne coaxial cable due to mechanical 
damage received during road construction work. 

In such situations it is impossible to measure the 
effects directly and a number of arguable assumptions 
must be made. However, in this particular case the 
traffic profile on the day of the cable failure was 
compared with a “normal” day to judge call re- 
attempts. No discernable traffic increase occurred on 
the day following although calls appear to have been 
re-attempted in the quieter periods of the day of the 
failure. 
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Fig. 4 — The Network Exception Display, Colour-coded Problems at 322 Exchanges. 


The potential lost revenue of the coax failure was 
$51,000 (34,000 calls). Transmission Facilities 
Management Centre patching plans and Network Traffic 
Management Centre re-routing “saved” $33,000 of this. 
The customers’ persistence further reduced revenue 
losses by $9,000 due to re-attempting their calls. The 
net lost call revenue was therefore about $9,000 (6,000 
calls). 

The inherent danger in assessments such as the 
above is that the focus on tangible dollar benefits can 
divert attention away from the principle advantages of 
network management, namely, those derived from 
improved customer service. 


To effectively monitor the network and to decide 
upon the appropriate actions to take requires data 
collection facilities that span the network. In an average 
year the NMC will: 

monitor 1000 million calls affecting 15,000 traffic 

routes. 


reroute one million calls. 

block half a million unsuccessful call attempts from 

the network. 

operate 1000 NTM controls. 

supervise 1600 planned outages of major 

transmission bearers. 

co-ordinate 200 bearer restorations. 

construct 9000 fault patterns to assist in finding 

network faults. 

Dealing with the enormous quantities of 
measurement data in an environment demanding 
timely and decisive action requires sophisticated 
computer support systems in each functional group. 
Development is proceeding on systems in all NMC 
areas to help the operators to improve the quality of 
their decisions. Some of the existing systems include: 

RESTORE. This system assists the TFMC in the co- 

ordination of broadband transmission bearer 

outages and restorations, whether they be those 
planned for maintenance work or the fault situations 

such as coaxial cable failures. RESTORE contains a 

database which holds details of the physical 
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transmission network and also all work that is 
scheduled to be done on it. It is capable of 
broadcasting advice to all work areas involved in the 
outage by means of telex messages. 

NEXIS. This system integrates a number of 
monitoring and controlling systems covering 
crossbar, IOC & AXE exchanges. The network 
manager via NEXIS, is provided with accurate and 
speedy information of exchange and route overload 
situations that is independent of the type of 
exchange experiencing the difficulty. NEXIS provides 
the network manager with previously planned 
strategies from which he can choose the optimum 
course of action and then places the necessary 
controls at his disposal to dynamically change the 
network. 
NCFS. The Network Call Failure Supervision system 
is a centralised fault finding tool used by NPAC. The 
system acquires data on call failures from selected 
signalling registers from the whole network. 
Currently about 10% of all calls are sampled and 
from these all call failures are transmitted via 
dedicated data lines to be analysed by the NCFS 


system. The generated fault patterns are issued to 
the relevant exchange staff and of these a high 
percentage of faults are found. 

All of the above systems support a database o 
network information and, importantly for the sharing 
of that information in the NMC, a graphical display o 
the major indicators of the health of the network. 

The wealth of network information gathered from 
a variety of data collection sources, the capability of 
quickly processing that data into meaningfu 
information and the interpretation skills of the 
experienced staff are the benefits provided to Telecom 
operations and maintenance areas by the NMC. 
Furthermore, it provides management with timely 
feedback on the performance of the network so that 
corrective actions can be commenced in the planning 
and provisioning of plant relief and the allocation of 
manpower. 

The modern appearance and impressive graphics 
that are used to carry out the functions of the NMC 
have an important side benefit. The NMC will be 
available to Telecom's public relations people to assist 
in obtaining wide customer co-operation through the 


£ 


Fig. 5 — Presentation and Viewing Room. Video Projection Screen in use 
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Fig. 6 — Presentation and Viewing Room. Screens open for a View of the Action 


media during focused traffic overloads. The major 
business customers’ marketing groups will also use the 
NMC to illustrate Telecom’s commitment to the highest 
practicable service to customers. 


Quite apart from the design of the systems to 
support the NMC, the actual physical design of the 
accommodation to house the combined functions 
presented an array of challenges, some from 
unexpected quarters. 

The essential design criteria were, 

all 8 operators in the NMC must be able to see the 

global network data displayed on up to 6 wall 

displays. 

lighting. must be such that it does not interfere with 

the operation of visual display units (VDU) or wall 

display projection systems but sufficient for paper- 
work tasks. 

the accoustics of the NMC room should allow 

normal telephone conversation speech levels from 

all operators to proceed simultaneously without 


mutual interference. 

the occupants of an adjoining glass partitioned 

conference room must be able to assess the network 

activities. 

a VIP viewing lounge must be accommodated such 

that up to 30 people can view the activities of the 

NMC without distracting the operators nor 

degrading the accoustic or lighting conditions. 

up to 25 support staff must be accommodated 
within the vicinity of the NMC. 

maximum security of the physical site and the 

integrity of computer systems must be assured at 

all times. 

In addition to the above, the choice of site for the 
NMC was limited to the ground floor of an existing 
17-story equipment building. The placement of the 
structural columns of the building constrained the 
amount of clear line of sight available for the placement 
of visual aids required by all operators. 

The features of the resultant design are discussed 
below. 
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The required geometry of the NMC created some 
challenging problems in design of the visual aids that 
are produced by projecting video images onto wall- 
mounted screens. 

The special surface coating on the high-gain wall 
screens provides maximum reflectivity in the plane that 
is perpendicular to the centre of the parabolic screen 
surface. It is required that all eight operators’ work 
locations fall within a 30 degree arc from the 
perpendicular plane. Viewing outside this range results 
in unacceptable light levels. 

A number of alternative optical systems were 
considered, including back-lit screens, but for one or 
more reasons these could not be accommodated. 

The presentation area was raised above the floor 
level of the operators’ consoles and the video 
projectors were placed below the work surfaces to 
provide clear viewing of all screens from both the 
presentation and NMC areas. A ceiling mounted video 
projector is required in the presentation area and uses 
a large screen that is normally raised into the ceiling 
cavity when not in use. 
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All adjacent rooms to the NMC have blinds 
provided to shield incident light, particularly during 
presentations using projectors. 


All of the usual considerations regarding lighting 
of work areas for VDU work stations applied in the 
NMC as well as a number of others. 

Working surfaces needed to be out of line of sight 
to the wall screens to prevent reflection from work 
surface to wall screen. Such incident light would tend 
to “wash-out” the projected image. 

Similar considerations were required in all 
surrounding areas within the critical 30 degree arc from 
each screen. The lighting of the presentation and 
viewing area, office and conference room were 
therefore affected. The presentation room was of 
particular concern since it is on the perpendicular of 
all screens. 

Provision for flood lighting of the entire area for 
maintenance purposes was made without impinging 
upon the general aesthetic appeal of the public spaces 
by means of a false ceiling grid. This also concealed 
the mechanical services for the area. 


Fig. 7. — Displan/Conference Room. National Disasters Network Coordination Point 
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Fig. 8. — Computer Room 


The parabolic wall mounted screens provide good 
reflectivity for video projector images but also have an 
unwanted good sound reflectivity too. Without due 
allowance for this property, the voices of operators 
would be focused to operators within the focal plane 
of the lens, ie. all of them. 

One of the reasons that the projectors are mounted 
below the console working level rather than ceiling 
mounted, is to assist in overcoming the accoustic 
focusing of room noise. The screens are angled slightly 
downwards to have their surface plane perpendicular 
to the projected beams. Therefore, sound relected from 
the screens will be focused towards the sound- 
absorbent carpet rather than towards the reflective wall 
and console surfaces. 


The three areas adjoining the NMC require visual 
access to the NMC. 

The Presentation and Viewing room is furnished to 
a level appropriate for VIP guests. It has an unrestricted 


view of all of the NMC including a favourable alignment 
to the wall screens when the blinds are opened on the 
viewing window. (Figure 5). 

Major business customers (particularly those with 
an interest in network products and services) will be 
invited to briefing sessions on the role of the NMC in 
ensuring a high level of customer service. 

General press releases to members of print and 
electronic media groups will aso be possible from this 
area. 

When not in use for the above the presentation area 
will be used for training purposes, Telecom staff visits, 
visits by schools and educational institutions, overseas 
visitors, etc. 

An average of one group per day is expected when 
full publicity is given to the facilities. 

The Network Manager's office has easy visual and 
physical access to the NMC to keep him appraised of 
the current network and staff situations. 

The Displan (Disaster Planning) room doubles as 
a conference room when not in use as Telecom’s inter- 
governmental department co-ordination point during 
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natural or other national disasters or emergency 
conditions. Extensive mobile communications 
equipment will be temporarily installed here when 
required. (Figure 6). 


10. CONCLUSION 

The Victorian Network Management Centre is an 
exciting new approach to real-time management of the 
very large and complex machine that is the 
telecommunications network. 

The many technical problems that such an 
ambitious project invariably attracts have now been 
largely overcome. In finding those solutions the NMC 
has emerged as a very graphic demonstration of 
Telecom’s commitment to quality network service. 
Perhaps for the first time, Telecom are able to show that 
commitment in a way that all can see and understand. 


' LATE NEWS: 
NMC WINS ENGINEERING 
EXCELLENCE AWARD 

The Institution of Engineers, Australia has 
announced that Telecom's Victorian Network 
Management Centre has won the State Engineering 


Excellence Award for 1987. 

The NMC was chosen from a field of 14 entries 
encompassing private and public enterprises and now 
goes into consideration for the national award to be 
announced next February. 

The judges said that due to the Centre's uniqueness 
in the field of information processing, it will continue 
to be refined to provide more intelligent operator 
displays. They added that great care has been taken 
with the design of the facility to integrate operator, 
visitor and crisis-management viewing in a building with 
predetermined design constraints. 


Since commencing as a trainee technician in 1960 
Frank Coates worked as technician, technical 
officer and instructor before graduating in 1970. 

His professional career has been chiefly in 
network planning and traffic engineering fields 
including a four year term in Papua New Guinea 
and a year in Malaysia on contract to the ITU. 

A period of two years in the planning stages 
of the national satellite project at Headquarters 
preceeded his move into the national network 
management project in 1983, where he assisted 
in the feasibility studies and policy formulation. 

Frank has been the Supervising Engineer, Network Management 
Section in the Victorian Network Engineering Department since 1984. 
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How well are you 
utilizing your business’ 


greatest asset? 


he Telecom network. An asset every 
Australian business can utilize. 
An asset that is growing and 
changing to meet the needs of all businesses. 
Today, the network allows you to 
communicate in voice, data, text, images. 
Across town or across the country. 
You can sell or service through 


telemarketing, add to your business’ efficiency, 
build new markets, build new profits. 

To make the most of your business's greatest 
asset, talk to Telecom by phoning 008 011310 
(Tasmania 008 006140). 


> Telecom Australia 


TAT 3047 


Network traffic management in 
Telecom Australia 


J. L. Seamons MIEAust. 


During periods when a telecommunications network is under stress due to overload conditions, 
Network Traffic Management (NTM) techniques can be employed to ensure optimum call carrying 
capacity, thus providing a better grade of service to the customer, as well as providing a better return 
on the capital investment of the network infrastructure of the Telecommunications Administration. 
Telecom Australia began to introduce NTM facilities into their network in 1985. This article provides 
an overview of what NTM is, how the techniques of NTM can be applied, and how Telecom Australia 
has addressed the problem of introducing NTM into a network consisting of analogue (both SPC 
and electromechanical) and digital telephone exchanges. 


INTRODUCTION 

Australia, in common with overseas networks, has 
experienced the transition from electromechanical 
sequential switching to stored programme controlled 
(SPC) analogue and lately SPC digital switching and the 
Integrated Digital Network. However, a significant 
outcome of the increased application of SPC exchanges 
is the increased possibility of total exchange outages. 

In addition to congestion problems caused by 
unforeseen demand or delays in the provision of 
circuits, instances of excessive loading on the network 
have occurred arising from such events as natural 


CALLS PER HALF HOUR (000’s) 
140 


12 noon 


INCOMING CALLS 


SEIZURES veers’ SWITCHED 


disasters, phone-in TV or radio polls, or through failure 
of a major switching system or transmission link. 
Similarly, during periods of traditional family gatherings, 
such as Easter and Christmas, the network becomes 
overloaded as families attempt to contact one another. 
These differing events can vary in their duration but 
in all cases the result for the telecommunications 
administration is generally the same; high levels of 
congestion well above that normally experienced, 
excessive unsuccessful call attempts, excessive and 
spreading loads on common control equipment. 
Fig. | indicates typical congestion levels that are 
encountered during the Christmas period. 


6pm 9pm 


CONGESTION 
LOSS 


Fig. 1 — Typical Congestion Levels at Pitt (Sydney) 10C Exchange during Christmas Day. 
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The effect of these symptoms is that the capacity 
of the network is drastically reduced, leading to an 
increase in ineffective call attempts to destinations 
other than those directly involved in the build up of 
the congestion. Not only does this provide a poor 
service to the customer, but revenue is lost, as studies 
have shown that call abandonment is increased under 
increasing levels of congestion. (1) 

Considerable benefits can therefore be derived for 
the network as a whole if prompt action can be taken 
to control the effect on service of such events. 

The above considerations led to Telecom Australia 
introducing Network Traffic Management (NTM), which 
encompasses all those activities that are necessary to 
reduce the effect on service of any situations which 
affect the network unfavourably. 


WHAT IS NETWORK. TRAFFIC 
MANAGEMENT? 

Network Traffic Management is the function of 
monitoring the status and performance of the network 
in real time, and taking action to control the flow of 
traffic when necessary, to ensure the maximum 
utilisation of the network capacity in all situations. 

The objective of Network Traffic Management is to 
ensure that as many calls as possible are successfully 
completed in all situations. This requires an approach 
which not only looks at the performance of individual 
network components, but also the network as a whole. 
NTM cannot guarantee any particular grade of service 
to the customer, but it does ensure the more efficient 
use of the existing network capacity under a wide range 
of load and/or failure conditions. 


Benefits of Network Traffic 
Management 
When the network is kept in an efficient and 
effective state by NTM actions, there are considerable 
benefits that are derived by both the customer and the 
telecommunications administration. Among these 
benefits are the following: 
® Service to the customer is improved, leading to 
— improved customer relations 
— stimulation of calling 
— increased revenue 
® More efficient use of the network is made, leading to 
—an improvement in the ratio of successful to 
unsuccessful calls 
— an increased return on the capital invested in the 
network 
@® Greater awareness of the current status and 
performance of the network is achieved, leading to 
—a basis by which network management, 
maintenance and restoration priorities can be 
established 
— improved network planning information 
— improved information on which future capital 


investments in the network can be decided 
—protection of essential telecommunications, 
particularly during emergencies. 


NETWORK TRAFFIC MANAGEMENT 
PRINCIPLES 

Whenever NTM actions are considered necessary, 
there are four basic principles which should be 
observed, these being: 


Keep All Circuits Filled With Successful 
Calls 

A network is normally limited in the number of calls 
it can carry by the number of available circuits. 
Whenever events occur that cause an unusual increase 
in ineffective calls, the number of effective calls in the 
network is decreased, due to those ineffective calls 
occupying circuit capacity. Controlling the traffic to 
remove those calls that have little chance of success, 
allows the available circuits to handle more calls that 
have a higher chance to complete. This satisfies both 
the customer and the telephone administration. 


Utilize All Available Circuits 

When significant changes in traffic patterns occur, 
for example, during events such as bushfires or floods, 
the demand for service often cannot be satisfied by 
the engineered number of circuits. At the same time 
many other circuits in the network may be idle, due to 
say, time zone differences. Network Managers can take 
action to divert some of the heavy traffic to those 
temporarily idle circuits, therefore allowing more calls 
to complete. These actions can also be taken when 
failure of a transmission facility has reduced available 
circuit capacity. 


Give Priority to Calls Requiring a 
Minimum Number of Circuits to Form a 
Connection, When All Available Circuits 
are in Use 

As traffic loads increase above the engineered level, 
the ability of the network to carry calls will decrease. 
This is caused by an increased number of call attempts 
which require two, three or even more inter-exchange 
circuits per call. The use of these additional circuits 
during overload conditions increases the possibility of 
one multi-circuit call blocking several potential calls. 

Therefore, giving priority to those calls which 
require fewer inter-exchange circuits, will result in more 
effective calls over a given period. 


Inhibit Switching Congestion and 
Prevent its Spread 

An undesirably large. increase in ineffective 
attempts which exceeds the engineered capacity of the 
exchange, can result in switching congestion. If this 
congestion is left uncontrolled, it can be reflected back 
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into other parts of the network, causing the congestion 
problem to be more widespread. Controls should be 
applied which inhibit switching congestion, by removing 
ineffective attempts from the congested switching 
machine. 

Ideally, such control action should be taken as near 
as possible to the source of the traffic; this approach 
leaves more circuits available to carry a greater 
proportion of successful calls, while preventing the 
congestion from spreading to other parts of the 
network. 


INTRODUCING NTM IN TELECOM'S 
NETWORK 
Analogue Network 

Although the analogue network is relatively costly 
to modify, it is a major component of Telecom’s total 
network, and will still constitute some 50% of the 
equipped ends by the year 2000. Hence, there are 
significant advantages to be gained in providing a 
limited NTM capability in that network. 

Telecom's strategy in the analogue network has 
therefore been to introduce NTM ina staged approach, 
by implementing enhanced NTM facilities into the 
upper level of the switching hierarchy. This approach 
ensured that the greatest benefits from NTM could be 
realised in the earliest timeframes, and that the benefits 
could be monitored and justified before proceeding 
further. 

The strategy provided NTM capabilities into each 
of the State Metaconta 10C switching machines, which 
perform the Main switching function in each State. 
These facilities were provided by software 
enhancements. The extension of the NTM facilities is 
proceeding into the Primary and Secondary exchanges, 
by the use of Individual Circuit Monitoring (ICM) 
equipment, and a Telecom Australia developed 
transport mechanism known as INTELLINK. 

Extension of the facilities into some Minor 
Switching Centres is also taking place. 

The final phase of introduction into the analogue 
network will see selected monitoring and control 
facilities being provided in certain terminal exchange 
locations. This approach will allow calls that have only 
a limited chance of success to be blocked at the 
originating exchange, thereby preventing the spread of 
congestion, and ensuring that circuits are carrying a 
greater proportion of effective calls. 


Integrated Digital Network 

The introduction of NTM into the Integrated Digital 
Network (IDN), which consists of LMEricsson AXE 
exchange equipment, is similarly being done in a 
phased approach, by utilising the existing capabilities 
of the AXE NTM software packages. As more advanced 
AXE NTM facilities become available, these will then 
be used to provide the necessary means to further 


monitor and control this expanding part of the total 
network. 

When introduced in AXE exchanges, NTM facilities 
will be available in both the local and tandem switching 
equipment. 


Network Traffic Management Centres 

Within the strategy for introducing NTM, is the 
establishment of a Network Traffic Management Centre 
(NTMC) in each State to monitor and control State 
traffic flows, and a National Network Management 
Centre (NNMC) which will monitor and coordinate 
traffic flow in the National network. The NNMC will also 
liaise and coordinate on matters related to international 
traffic with the Overseas Telecommunications 
Commission (OTC(A)). 


DEVELOPMENT OF AN NTM SYSTEM 
In the development of an NTM system, there are 

four separate issues to be considered, these being: 

e A monitoring system, whereby there is a means to 
measure the network data 

e Acontrolling system, providing the means of taking 
any necessary action to control traffic flows etc., 

e A transport system, to provide the means of 
coordinating both the measurement and control 
activities, and 

e A support system, providing an aid to the decision 
making at the man-machine interface. 


MONITORING FOR NTM 

Effective NTM relies on having information available 
regarding the state of the network, within minutes of 
that data being collected, so that managers can make 
appropriate decisions regarding control actions where 
appropriate. To enable this situation to exist, requires 
that an immense amount of information about the 
network is made available to the NTMC. Once that 
information has been collected, it then needs to be 
presented in a usable manner. 


Analogue Network 

The analogue network makes use of existing 
monitoring systems to provide real time NTM data. 
(Real time meaning that data related to an event is 
available within minutes of that event occurring). 

The two systems being used for this purpose are 
the traffic engineering monitoring system CENTOC 
(Centralised Traffic Occupancy) (2) and the plant 
maintenance system ICM (Individual Circuit Monitoring) 
(3). The data available consists of Peg Count (number 
of seizures, operations of a relay set, circuit or device) 
and Usage (amount of time that a circuit or device is 
held or operated) information. Both of these systems 
enjoy the advantages of extensive network penetration, 
as well as being present in most exchanges that are 
of interest to NTM. 
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Percentage Overflow (OFL) is the ratio between the bids not finding 
a circuit, and the total number of bids, expressed as a percentage 


Bids per circuit per hour (BCH) is the average number of bids per 
circuit, expressed as an hourly rate 


Seizures per circuit per hour (SCH) is the average number of times 
that each circuit in a route is seized, again expressed as an hourly rate 


Answer Seizure Ratio (ASR) is the ratio between the number of 
seizures that result in an answer signal, compared to the total number 
of seizures 


Rejected Calls denotes the number of bids that an SPC exchange 
rejected before handling. Usually this would be due to an overload 
condition. 


Fig. 2. — Commonly Used NTM Performance Indicators. 


As well as these systems, NTM also makes use of 
other well established maintenance monitoring 
information to enable a complete network overview to 
be obtained. This includes such items as specific 
exchange alarms and SPC exchange processor 
occupancy figures. 


Integrated Digital Network 

Within the AXE exchange software, NTM 
information functions are, or are to be, provided. These 
are generally classified as both supervisory and 
diagnostic functions. Information is calculated and 
reported by the AXE exchange per type of object 
(exchange, route or destination) and parameter (Answer 
Seizure Ratio, Percentage Overflow, etc. — Refer to Fig. 
2). Information to be provided from the AXE exchanges 
will generally be in line with that recommended by the 
CCITT. 

Information can be obtained on the following basis: 
For Supervision: alarms are generated when a 
preset threshold level has been 
exceeded 
certain network performance 
parameters can be divided into 
state intervals by preset limits. 
Changes of state can then be 
spontaneously output 
information can be stored and 
requested on demand 
For Measurements: Information can be scheduled for 

certain network parameters. This 
information will then be output 
at the completion of the 
measurement period. 


For Observation: 


For Readings: 


NTM Measurement Terms 
Some of the information being gathered for NTM 
purposes consists of currently used and well known 
parameters, such as: 
® Percentage Timeouts 
® Percentage Congestion 
@® Percentage Occupancy 
®@ Average Call Holding Time 


Other information to be gathered will be formatted 
into parameters that provide the network managers 
with the information to assist them in analysing network 
problems. 

Some of the more commonly used formatted NTM 
indicators are shown in Fig. 2. 


CONTROL TECHNIQUES 

In general, Network Management control actions 
will be invoked manually from the NTMC; however in 
the future it will also be possible to activate network 
controls automatically upon receipt of appropriate 
Network Management signals from other locations. 
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Fig. 4 — Expansive NTM Control Action. 


The decision as to whether any action should be 
taken will depend on the real time information being 
received on the status and performance of the network. 
Network Traffic Management controls would normally 
be taken under one or more of the following situations: 
® exchange failure or significant levels of exchange 
congestion 

® transmission system failures 

® circuit group or destination congestion caused by 
unforeseen events, etc. 

® congestion in distant networks 

It is equally important that the four principles of 
NTM as outlined earlier, are observed when 
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considering control actions; failure to observe these 
principles increases the risk of removing traffic from 
the network that might otherwise have been completed. 

Network Management control actions can be 
categorised as either ‘protective’ or ‘‘expansive”’ 
actions. 


Protective Controls 
These are controls designed to remove from the 
network, traffic that has a low probability of completion 
during periods of congestion. 
Some examples of the types of protective strategies 
that can be employed are: 
® rerouting to Recorded Voice Announcements (RVA) 
on either a code or route basis 
® code blocking traffic to a particular exchange or 
destination 
® regulating the processor load in SPC exchanges 
An example of the first type of strategy is shown 
in Fig. 3. Here, traffic destined to code XYZ at exchange 
B has a limited chance of success for some reason (€.g., 
a switching overload or failure). Traffic to that code can 
be identified at originating exchanges A and C, and 
redirected to an RVA. This action removes traffic from 
the network that has a low chance of completion, 
allowing traffic to other better performing destinations 
to complete. 


Expansive Controls 

These controls have been designed to take 
advantage of under-utilised parts of the network. This 
is accomplished by making lightly loaded portions of 
the network available to traffic which is encountering 
congestion in its normal routing paths. 


Expansive controls are normally the first choice 
response to a network problem. The prompt 
implementation of an expansive control may well 
prevent a more serious network problem from 
developing. 

Typical of the type of protective action which may 
be employed would be to reroute traffic on either a 
code or a route basis. 

An example of an Expansive control action is 
shown in Fig. 4. Here, the route between exchanges A 
and B is congested, while routes A to C (not normally 
in the routing path from calls from A to B) and C to 
B have spare capacity. By use of a temporary reroute 
control, traffic first offered to route A to B can be 
overflowed onto route A to C, thus allowing more calls 
to complete. 


DATA TRANSPORT TECHNIQUES 
Analogue Network 

The data transport facilities used by Telecom to 
collect NTM data and convey control commands back 
to the exchanges currently consist of various systems. 
In the longer term, it is intended that all of these 
transport mechanisms will be integrated into a data 
acquisition and transport network, which will be known 
as the Telecommunications Management Network 
(TMN). 


CENTOC and ICM 

For these systems, the data is transported via 
dedicated data lines from the exchanges to central mini- 
computer installations, and the processed data is 
similarly conveyed from the mini-computers to the NTM 
Centre. 
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Fig. 5 — Use of INTELLINK for NTM Purposes. 
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Control activation is by means of telemetry systems, In the IDN, all supervisory data collected from the 
and in the case of the analogue SPC exchanges, data AXE exchanges is directed towards an AOM on an X.25 
lines to the exchange maintenance input/output port. link. The AOM provides access authorisation, 

transaction logging and data collection facilities. The 
INTELLINK AOM also serves as a centralised access point for all 

A system that has been totally developed by the operating groups, known as Network Operating Centres 
New South Wales State Administration of Telecom, is (NOC). These centres gain access to the AXE exchanges 
currently being installed in all States in pilot trials. These via Regional AOMs (RAOM). Fig. 6 illustrates Telecom's 
trials will be followed with extensive implementation AOM hierarchy which incorporates a National AOM. 
that will see the sytem replace the existing ICM and Although the National AOM was initially installed for 
CENTOC facilities in the ARF and ARM crossbar NTM purposes, it is now being used by a limited 
exchanges. number of NOCs for National access purposes. 


This system is known as INTELLINK (Intelligent 
Link), and was originally conceived to provide facilities Telecommunications Management 


such as data collection and transmission, and also to Network 
provide for the extension of controls for NTM purposes. Data collection is a vital phase of NTM. Therefore, 
As the concept evolved, the features of the proposal NTM has joined the growing number of people who 
made it attractive for other purposes, and INTELLINK are collecting and analysing network data. Within this 
has now been developed for universal applications, and growing volume of data being collected, some 
the concepts of the TMN have been incorporated in information is being collected a number of times, but 
the design. is being used for different purposes. Similarly, data 
INTELLINK is a system that can reliably collect currently being collected for use in one area, may in 
information from a number of sources at remote the future be of use to other areas. 
locations, and transmit that data to a central site for Duplication of data collection is not uncommon in 
processing. It can also disseminate data, or control telecommunications networks and an_ additional 
commands, from the central site to remote locations. problem is that in many cases, each set of data has 
Fig. 5 shows how INTELLINK will be used as a been collected or used in such a way that they are 
transport mechanism for NTM purposes. useless to other potential user areas. 
The TMN is intended to rationalise data collection, 
Digital Network processing, and application and support the 
The present transport mechanism for the Integrated Operations, maintenance, management and design of 
Digital Network (IDN) is the LMEricsson AOM system. the Public Switched Telecommunications Network, and 
This will initially be supplemented and eventually perhaps also other telecommunication networks in the 
superseded by new elements comprising the TMN. future 
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Fig. 6 — Use of AOMs for NTM of the IDN. 
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Fig. 7 — A view of the NSW NTMC. 


The underlying philosophy of this network is quite 
simple: 

all network data will be collected once only, 

where appropriate, process the data on site, and 

deliver the subsequent network information directly 
to the user or to a secondary processor in the format 
and volume required. 

The TMN can be viewed as an infrastructure of 
hardware, possibly incorporating some existing 
networks, with software operating systems designed to 
service the needs of network information users. 
Standard interfaces, protocols and data descriptions 
together with structured design techniques will form 
the instruction set necessary to introduce each new 
application. 

The resultant network will provide the infrastructure 
for one large comprehensive data base, consisting of 
a number of smaller databases, available for universal 
application. 


The development of computer based support tools 
associated with the NTMCs has been quite a challenge 
because of the amount of data being received in a real 
time mode. The general philosophy that has been 
pursued in presenting this data in an acceptable format 
to the operators, has been to display two levels of 
information, these being exception data and detailed 
data; exception data includes alarms of various types 


and important network parameters that have exceeded 
preset threshold conditions, while the detailed data 
provides the necessary information to allow the 
operators to make meaningful decisions. 

The display of the processed information can take 
many forms, and different approaches are being used 
in the centres to display information for NTM purposes. 


Exception Data 

As a first requirement for the display of data, there 
is a need for an eye catching wall display showing the 
state of the network. 

The main objective of such a display is to 
immediately bring to the attention of the NTMC 
personnel any problems that have occurred within the 
network. In general, this display will not be the prime 
focus for determining detailed information related to 
such a problem, but rather the indicators displayed are 
used to inform the NTMC personnel that some 
calculation result has exceeded its threshold, ie, the 
wall display provides exception data. 

The purpose of the wall display can best be 
summarised as follows: 

It will alert the operators to any unusual network 

conditions which may represent or develop into a 

network problem 

It will enable the operator to quickly select 

appropriate detailed data from which a decision or 

action can be made 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. 1988 


RATE PEE TSERATCRETO MEE SEES TIGERS AD INAS RA A SOE: OPES ERT SS AES ESL ATA ELE GEILE OE TERI ELS EE ES EE IRE ENE IT SEE EERE MR 


NETWORK TRAFFIC MANAGEMENT IN TELECOM AUSTRALIA 


Fig. 8 — The National NMC, as seen from the Viewing Room. 


It will enable a total network perspective of all 
network problems to be maintained at all times. 
Generally the total network picture will be displayed 
permanently 

» It will be used as a training tool to increase 
awareness of network behaviour, particularly under 
failure and heavy congestion conditions 
And finally, it will provide a network display for 
public relations purposes. (NTM Centres have 
generally been designed taking account of a need 
to provide a viewing area to allow visitors to see 
firsthand how Telecom is managing the network; the 
wall display is an appropriate mechanism for this 
purpose). 

Examples of the types of wall displays used can be 
seen in Figs. 7 and 8, and in the article “The New 
Telecom Network Management Centre in Victoria’ (4.), 
contained elsewhere within this issue. 


Detailed Data 

For the more detailed type of information, other 
screen based terminals are provided within the NTM 
Centre. These terminals provide the means by which 
NTMC personnel can retrieve information from the data 
collection systems. Once alerted to a problem by the 
wall displays, network managers can access the 
appropriate detailed data to further analyse details of 
the problem using these terminals. The detailed data 
will usually appear in either tabular or graphical format. 


An example of the detailed data format available 
is shown in Fig. 9, which is a tabular display of data 
from a 10C exchange. This gives the operators 
information related to the 10C common control 
equipment in the top right hand corner, for example 
processor (CPU) occupancy, number of seizures, etc., 
while the main portion of the table details individual 
route (R) information. The information presented here 
includes calls offered and overflowed, the number of 
circuits (cct) on the route, and also indicates the SCH 
for the current (C) reading period (6 minutes), the 
previous (P) reading period, and the previous previous 
(PP) reading period. A similar format is also applied 
to the percentage overflow on each route. This format 
gives the operators detailed data related to individual 
route performance over the past 18 minute period, 
updated every 6 minutes. 

A further example of detailed data presentation is 
shown in Fig. 10. This shows a graphical representation 
of the total number of calls that have been made from 
a Minor Switching Centre for each 3 minute period over 
the last 30 minutes, highlighting in different colours 
those situations where a significant number of the calls 
made have failed and exceeded a present threshold 
level. The operator in this situation, could then analyse 
further to determine what code, or group of codes, 
were contributing to the excessive failures, and what 
action could be taken to overcome the problem. 
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LONSDALE 10C — SYSTEM & OUTGOING ROUTE STATUS 210 
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Cycle Time 


6 min. 


TIME 16:25 
Archive OFF 


CMD Printer On 


R Distant oe 0’ a vi % Overflow 
Exchange | P Cc 


Rejected 
Calls A 


Seizures 
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Fig. 9 — Detailed Route Data from a 10C Exchange. 
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Fig. 10 — Detailed Data Presentation from a Minor Switching Centre. 


This particular graph gives a clear picture of how 
the network is seen from an individual exchange; the 
further processing of this type of information from 
many exchanges within the network enables the NTMC 
to focus their attention on terminating performance 
within the network. 

This then leads to further information becoming 


available, such as codes within the network that are 
deemed to be Hard to Reach. 


Network Traffic Management Centre 
Operations 

To perform the NTM function, NTM Centres have been 
established in each State Capital City, as well as a 
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National NTMC located in Melbourne. Telecom 

Australia’s objective for network management however, 

is the end to end management of the network, and to 

perform this overall function, the following three centres 

are generally going to be colacated, and will collectively 

be known as a Network Management Centre: 

® Transmission Facilities Management Centre (TFMC) 
The TFMC coordinates the restoration of 
transmission facilities following plant failure and also 
the scheduled outages of those facilities for 
maintenance purposes. 

® Network Performance and Analysis Centre (NPAC) 
The NPAC monitors customer's service complaints, 
test calls and other indicators of plant performance 
to identify network faults or unsatisfactory 
conditions and coordinates maintenance activities 
to ensure the speedy rectification of the condition. 

® Network Traffic Management Centre (NTMC) 
The NTMC monitors the performance of the network 
and takes action to control the flow of traffic, when 
necessary, to ensure the maximum utilisation of the 
network capacity under all situations. 

A study of how a Network Management Centre 
development has been approached and implemented, 
is covered in the article “The New Telecom Network 
Management Centre in Victoria’ (4.), included in this 
issue of the Journal. 


THE FUTURE FOR NTM 


It is clear that the introduction of Network Traffic 
Management techniques into the Public Switched 
Telephone Network can provide substantial benefits to 
both Telecom and its customers. The limited experience 
within Telecom Australia to date, has shown that the 
benefits obtained by NTM are significant, and as the 
available facilities are increased, so too will these 
realisable benefits. 

On this premise, the bounds for NTM appear 
limitless. The introduction over the next few years of 
“layered networks’ will see each of these networks 
requiring a Network Management approach. More and 
more, suppliers of telecommunications equipment are 
providing NTM facilities as a standard offering within 
their switching equipment: suppliers of PABXs similarly 
have NTM facilities within their equipment, and an 
approach towards “customer network management” is 
currently being realised. 

The use of “Artificial Intelligence’ in the application 
of NTM is currently being trialled within Telecom, and 
other advances such as having NTM facilities contained 
within customer's equipment are being studied. 

With the infrastructure that Telecom has established 
in introducing NTM into the switched telephone 
network, it is well placed to utilise these new advances 
in the transition towards the management of the future 
networks. 


This continued application and expansion of NTM 
will provide Telecom with the means to ensure the most 
effective utilisation of these resources under ll 
conditions. 
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The Application of expert systems to 
Network Traffic Management in 
Telecom Australia 


S. Jimenez 


Network traffic management is a relatively new area of telecommunications which aims to reduce 
the effect of network overloads and communications equipment failure on the performance of the 
network. Network Management centres have been set up in all major Australian capital cities to enable 
this. There have been, however, several problems with the implementation. One being the large 
quantity of information about the network which must be acquired and presented to the network 
managers for real-time operation. The managers must absorb all this information and make on the 
spot decisions about how to control network resources. Another problem which arises, because of 
the infrequency and unpredictability of the network overloads, is the difficulty of developing and 
testing these network management strategies. As a result it has been considered that the automation 
of network management and in particular the use of expert systems may provide solutions to some 
of these problems. This paper provides some explanation of why network traffic management is 
required. It describes the network management control strategies which are currently implemented 
and discusses how expert systems can be used to aid in the implementation of network traffic 
management. A prototype expert system, which has been built for the New South Wales’ network 
management centre, is outlined. The performance of this expert system is evaluated and the future 


use of expert systems for this purposes is discussed. 


INTRODUCTION 

Australia’s telecommunications network is 
dimensioned to provide sufficient  traffic-carrying 
capacity for peak traffic conditions on its routes during 
the normal working day in the busy season of the 
year(1]. Regular traffic overloads are handled by 
alternative routing schemes where several alternative 
routes are provided between the call origin and 
destination [2]. 

Sometimes, however, disasters occur, such as a 
flood that occurred in Sydney's western suburbs in 
1986. In these circumstances the network is offered far 
more traffic than it is designed to carry. Congestion is 
caused by the large volume of anxious callers trying 
to contact people living in the affected area, and often 
intesifies because telephone cables to these regions 
have suffered damage. 

Under these conditions, exchange switching 
equipment is heavily utilised trying to process outgoing 
calls, many of which have little chance of success, and 
so cannot terminate incoming calls, which are more 
likely to succeed being nearer completion. Traffic with 
a good success rate must compete with ‘bad’ traffic 
for access to network resources and so the success rate 
of all traffic is affected. As a result, network 
performance rapidly deteriorates and a network 
overload can occur. 

Obviously it is not practical or economical to 
increase network dimensions to cope with such 
overloads because they are often unpredictable and 


infrequent. Instead, to overcome this problem network 
management centres have been established in the 
major traffic centres in Australia to monitor network 
performance, passively, during normal operating 
conditions and to intervene during heavy overloads, 
restricting and redirecting traffic flow to ensure that 
network capacity is used most effectively. 


NETWORK MANAGEMENT IN NEW 
SOUTH WALES 


The aim of network traffic management is to ensure 
that as many calls are successfully completed as is 
possible. In the field of network management there are 
as yet few ‘experts’ and network management 
strategies are still undergoing development. Presently 
only analog switching equipment has been considered 
for network management in New South Wales. However, 
similar strategies are required for the AXE digital 
switching equipment, bought from L.M. Ericsson by 
Telecom Australia. These strategies are currently being 
investigated by Telecom in other States. 

The hierarchical structure of the analog network [3] 
makes it possible to divide network management 
strategies into several layers. At present, strategies have 
been developed for interstate and_ international 
destination traffic. These strategies involve solely the 
main stored processor controlled (SPC) exchanges as 
these are, as yet, the only sites in New South Wales 
which provide monitoring/controlling facilities. The 
strategies are tested on the interstate and international 
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routes during predictable overloads such as occur over 
the Christmas period. Data obtained over this period 
allows evaluation of the success or otherwise of the 
strategies used. 

Before network management strategies can be 
implemented on the rest of the network, equipment 
must be installed in many exchange sites in New South 
Wales to facilitate data collection and control of traffic 
routing. The variety of exchange equipment and 
technology has made this task difficult. Currently, 
individual circuit monitoring (ICM) and remote 
controller/monitors (RCMs) are being installed in 
secondary and minor exchanges throughout the State. 
It is hoped that by the end of 1987, all sites will be 
equipped with these facilities, then strategy planning 
and development can begin for lower levels of the 
network hierarchy. 


NETWORK MANAGEMENT STRATEGIES 


There are two types of network management 
strategies: expansive and protective. Expansive 
strategies allow traffic with a high likelihood of success 
to be redirected away from congested areas onto lightly 
loaded routes in the network, thus providing 
temporarily, an extra alternative route for the traffic. 
Protective strategies prevent traffic that has a low 
success rate from getting access to the network, leaving 
more network capacity for calls with a higher success 
rate [4]. 

Protective strategies are used for the international 
destination traffic because all traffic must pass through 
the Overseas Telecommunications Commission's (OTC) 
gateway making call redirection and, hence, expansive 
strategies impossible. The aim of these strategies is to 
protect Sydney's main exchanges (Pitt-SYDC, 
Haymarket-SYDD and North Sydney-SYDE) as well as 
the OTC gateway from overload. 

Figure | illustrates the network configuration for the 
international destinations for Christmas 1986. SYDC 
(Pitt exchange) is the final choice route for all States’ 
traffic to OTC. Only some of the overseas destinations 
are shown in this figure. In all, sixteen destinations were 
monitored with the Network Managers being able to 
implement a range of independent controls on each 
of these traffic streams. 

Figure 2 shows how the call blocking is achieved. 
Calls outgoing from a main exchange destined for OTC 
are switched to the Ist dummy route (OFF/l). The 
purpose of the dummy routes is to enable call 
measurements and traffic control. No actual circuits are 
provided on the dummy routes so all calls overflow 
onto either the next dummy route (OFF/2) or to 
recorded voice announcement -(RVA). Similarly, for the 
2nd dummy route, calls may be switched to either the 
OTC gateway or RVA. Finally, calls which overflow off 
the gateway are detected by the lost call counter which 
also has no circuits and are switched to RVA. 
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Fig. | — Network configuration for Overseas Destinations monitored 
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Fig. 2. — Call Routing Configuration 


Each dummy route allows 8 control levels of traffic 
blocking. Thus, 12.5% or 1/8 of calls to a particular 
destination can be choked (ie, redirected from the 
dummy route to RVA) and 87.5% passed on to the next 
dummy route or gateway, or 25% (2/8) can be choked 
and so on. With two dummy routes a possible 27 
independent levels of call blocking are available of 
which only 25 are used. 

For interstate traffic, mainly expansive strategies are 
used. If bearers are experiencing congestion to an 
interstate destination, the traffic may be rerouted via 
another interstate main exchange, provided sufficient 
spare capacity is available to switch the traffic. A 
simplified interstate network configuration is shown in 
Figure 3. The America’s Cup yacht challenge held near 
Perth contributed to some congestion on the Sydney- 
Perth route. As a result, it was necessary to direct some 
of the traffic from SYDC through the Adelaide main 
exchange to Perth when spare capacity was available 
on the SYDC-Adelaide and Adelaide-Perth routes. 
Limited protective strategies are also used on the 
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interstate traffic. However, heavy overloads on the 
interstate network are rare. 


FROM THE NSW NETWORK 


Fig. 3 — Network Configuration for the Main Interstate 
Destination monitored 


EXPERT SYSTEMS IN NETWORK 
MANAGEMENT 

There have been many varied applications of expert 
systems to date. In areas as diverse as medical 
diagnosis, plant control, building design and education. 
The application to be presented here deals with the 
use of expert systems for near real-time control of 
network resources. The use of expert systems for 
network traffic management applications is not entirely 
new. It has been considered by others [5], including 
AT&T with their NEMESYS implementation. Their 
system is currently under development at Bell 
Laboratories [6]|7]. 

Before our application can be considered in detail 
some background on expert systems must be covered. 


BACKGROUND 


In recent years, a branch of artificial intelligence, 
known as expert systems has gained prominence. 
Expert systems are computer programs written to 
imitate human experts in their domain of knowledge 
(8][9]. In the case of network traffic management the 
“domain of knowledge’ is real-time network control 
strategies and the “experts” are the network managers. 
Expert systems apply human-like reasoning to problem 
solving and diagnosis. Their most useful features 
include the ability to cope with uncertainty in the data, 
with incomplete knowledge in the specialist's domain 
and the capability of providing explanations of their 
reasoning. 

An expert system consists of three main parts: a 
knowledge base, a database and an interpreter. The 


knowledge base contains a representation of the 
expert's knowledge in some structured form, such as 
“production rules”. The database represents the current 
state of events. The interpreter or “inference engine’ 
performs the reasoning for the expert system, using 
either a “forward-chaining” reasoning strategy, which 
tries to find a solution starting with the current database 
or a ‘backward-chaining’ reasoning which chooses a 
solution then works backwards to see if the data 
supports it. 


PROBLEMS IN NETWORK 
MANAGEMENT 

Operational practice on a small number of 
exchanges has shown that network managers 
experience difficulty in monitoring, absorbing and 
reacting quickly to the large amount of data required 
for network management actions in real-time. When 
hundreds of exchanges become involved, each 
supplying updates of network traffic information every 
3 minutes, a massive information management problem 
will exist. 

Further experience has shown that network 
overloads are generally unpredictable, infrequent and 
irreproducible. These factors make strategy 
development and testing difficult. 
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Fig. 4 — Microcomputer Configuration 


WHY CHOOSE EXPERT SYSTEMS? 

After consideration of the problems identified in 
network management it has been decided that an 
automated network management system is required to 
solve these problems. This system must facilitate 
information management and control implementation 
and aid in strategy development and evaluation. It must 
be flexible enough to allow strategies to be changed 
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HAYMARKET 10C — SYSTEM AND OUTGOING ROUTE STATUS 310 
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Fig. 5 — Screen Display of Parameters Shown by 10C Monitoring Microprocessors 
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easily without extensive modifications of the source 
code when better strategies are developed and must 
provide explanation facilities of the strategies used to 
help establish system reliability. 

In addition, this system must incorporate changes 
in network configuration and routing patterns and be 
capable of running unsupervised — monitoring the 
network for congestion problems and notifying and 
advising the network manager when control actions are 
necessary. 

It was for these reasons that an expert system 
approach was chosen. This is a different approach to 
that taken in other network management centres in 
Australia. The Victorian network management centre 
has concentrated on strategy development by 
engineers and network managers. Their network 
management centre is designed for the purpose of 
continuous human supervision of the Victorian State 
network. Admittedly their strategy development has 
been quite extensive, expanding into the AXE 
exchanges and the secondary and lower switching 
centres. 


DEVELOPMENT OF THE NETWORK 
MANAGEMENT EXPERT SYSTEM 

The monitoring/advisory network management 
expert system (NMES) to be used in the NSW public 
switched telephone network was developed in Prolog 
on a Tektronix 4404 computer (which has a MC68010 
microprocessor). Initially, the strategies formalised from 
the Christmas 1985 traffic control exercise were used 
to develop the rules of the expert system beginning 
with the international traffic and later considering the 
interstate network. 

One initial problem of the system was with data 
acquisition resulting from the large amount of data that 
must be provided to allow proper decision making. In 
order to enable the NMES to work effectively, the 
Tektronix was interfaced with three microcomputers 
that monitor the main exchanges. Figure 4 shows this 
interface configuration. 

These microcomputers provide a display to the 
network managers of the relevant network parameters 
required in decision making and receive regular data 
updates over a three or six minute period from the 
main exchanges. Figure 5 shows the type of display 
produced by a single microcomputer for the interstate 
destination traffic and the OTC gateway. This illustrates 
the large quantity of information which must be 
absorbed by the network managers in order to make 
decisions. 

The expert system was given access to the same 
live data as the network managers as well as 
information on any controls implemented so that the 
current status of the network would be known at all 
times. All input/output interfaces were written in the 
C programming language, including the data transfer 


from the Sydney main exchange microcomputers and 
a “keyboard interrupt” facility to allow keyboard entry 
of data. Some of the parameters required by the NMES 
from OTC and the interstate Telecom network were 
available only through verbal communication or 
facsimile. 

The initial test of the NMES was during the 1986 
Christmas period. All data was archived on the 
Tektronix as well as all controls that were used and 
advice suggested so that system performance could be 
evaluated at a later date. 

Advice generated by the NMES over the Christmas 
period is of the format shown in the example in Figure 
6. At this time during the Christmas period, calls from 
SYDC (Pitt Main exchange) to OTC were experiencing 
congestion greater than 30% and as a result the expert 
system suggested the implementation of a 98% choke 
on calls to the United Kingdom, being at the time the 
largest traffic stream, as well as controls on calls to West 
Germany (98%) and Greece (53%). 


THE PROBLEM OF PERFORMANCE 
EVALUATION 

The evaluation of performance of network 
management strategies is complicated. Once controls 
have been inserted in the network, conditions are 
changed irreversibly. These events are not reproducible, 
hence, it is difficult to determine how the network would 
have behaved if other controls or no controls had been 
used in the same situation [10]. 

In this case there were two options available for 
performance evaluation; either to compare the 
implemented controls of the network managers against 
the suggestions of the NMES or to compare the 
performance of the NMES strategies on one exchange 
against those used by the network managers on 
another, assuming similar traffic conditions apply in 
both exchanges. 

Both these options were exploited; during the 
Christmas period, control actions of the network 
managers were logged against advice of the expert 
system and for several hours on Christmas day, in the 
afternoon during traffic build up, in moderation, and 
for more than one on Christmas night, one of the main 
exchanges was run directly on the advice generated 
by the NMES while the other two exchanges were run 
by the network managers. Figure 7 constrasts the 
performance of Haymarket exchange (running NMES) 
against that of Pitt exchange for the period on 
Christmas night. The criterion used to measure better 
performance is greater call throughput. 

The system performance may be evaluated 
alternatively by using a network model. A simulator [11] 
developed at Newcastle University is currently being 
considered for this purpose. This simulator will allow 
the performance of different control actions under the 
same network conditions to be compared, something 
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23:18:47 Wed Dec 24 1986 

File reading completed. 

I think these are the controls that exist at the moment: 
(Magnitude | corresponds to 12.5%, Magnitude 2 
corresponds to 25% and so on) 


For all calls from SYDE to Lebanon : a control of 45% has 
been inserted. 

(That is 3/8 on OFF/1 and 1/8 on OFF/2). 

For all calls from SYDE to Poland : a control of 45% has 
been inserted. 

(That is 3/8 on OFF/1 and 1/8 on OFF/2). 

For all calls from SYDC to Italy : a control of 89% has 
been inserted. 

(That is 7/8 on OFF/1 and 1/8 on OFF/2). 

For all calls from SYDC to Lebanon : a control of 89% has 
been inserted. 

(That is 7/8 on OFF/1 and 1/8 on OFF/2). 

For all calls from SYDC to Poland : a control of 45% has 
been inserted. 

(That is 3/8 on OFF/1 and 1/8 on OFF/2). 

For all calls from SYDD to Italy : a control of 89% has 
been inserted. 

(That is 7/8 on OFF/1 and 1/8 on OFF/2). 

For all calls from SYDD to Lebanon : a control of 89% has 
been inserted. 

(That is 7/8 on OFF/1 and 1/8 on OFF/2). 

For all calls from SYDD to Poland : a control of 45% has 
been inserted. 

(That is 3/8 on OFF/1 and 1/8 on OFF/2). 

For all calls from SYDC to Malta : a control of 75% has 
been inserted. 

(That is 6/8 on OFF/1 and 0/8 on OFF/2). 

For all calls from SYDD to Malta : a control of 75% has 
been inserted. 

(That is 6/8 on OFF/1 and 0/8 on OFF/2). 

For all calls from SYDD to Philippines : a control of 75% 
has been inserted. 

(That is 6/8 on OFF/1 and 0/8 on OFF/2). 

For interstate routes: 

There are no controls that need be inserted for calls from 
SYDC to Melbourne. 

There are no controls that need be inserted for calls from 
SYDC to Adelaide. 

There are no controls that need be inserted for calls from 
SYDC to Brisbane. 

There are no controls that need be inserted for calls from 
SYDC to Perth. 

For international routes: 

Congestion from SYDC to OTC is greater than 30%: 


At SYDC a control of 98% may be put in for UK. 
(That is 7/8 on OFF/1 and 7/8 on OFF/2). 

At SYDC a control of 98% may be put in for WG. 
(That is 7/8 on OFF/1 and 7/8 on OFF/2). 

At SYDC a control of 53% may be put in for Greece. 
(That is 3/8 on OFF/1 and 2/8 on OFF/2). 

Session finished. 


Fig. 6 — Example of Advice Given by the Expert System over the 
Christmas Period 


which cannot be done with actual overloads. Thus, 
better strategies may be developed. The strategy 
improvement is dependent on the accuracy of the 
model used. 


STRATEGY EVALUATION AND 
DEVELOPMENT 

Figure 7 shows the performance of the expert system 
against that of the network managers for some of the 
period on Christmas night. This shows the typical 
discrepancies between the performance of the network 
managers and the expert system. In some cases the 
NMES performed better than the network managers, 
and at other times the network managers ouperformed 
the NMES. The Haymarket exchange which was run by 
the expert system showed more consistent results. 
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Fig. 7 — Comparison of Performance of the NMES and 
Network Managers 


Further analysis has shown that the conditions 
under which Pitt exchange, run by the network 
managers, performed better than Haymarket were due 
to the network managers operating at higher levels of 
congestion than stated in their official strategies since 
the more calls offered to an exchange the more taffic 
carried. Network managers tended to operate around 
70% congestion with a leeway of about 10% while the 
expert system was running at 20% congestion. The 
strategies of the expert system have since been 
modified to maintain this higher level of congestion. 
Some of the new rules are shown in Figure 8. The 
period in which the NMES performed better than the 
network managers occurred when congestion levels 
dropped below the 30% mark, that is, during the 
building up and falling off of congestion, the NMES 
reacted faster to this change in conditions. 

Discrepancies between the advice generated and 
the network managers actions lead to other problems, 
for instance, the expert system suggested more control 
changes than the operators would normally implement. 
As all controls must be entered manually, this resulted 
in a lot of typing being necessary for the user. The 
problem of manual entry will be rectified in future by 
allowing the expert system to generate the control 
codes for the network manager. 


A EE NRE ROSS LD &SEE TN TTEE TS IE EAS ESE I EL IE EE IO LT TTI PBI DEE BOE 
TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. 1 1988 


30 


The reading of the advice was found to be laborious 
because of its format being displayed as paragraphs 
of text (see Figure 6) and because of the large amount 
of control information that had to be conveyed. 

Another problem was with data loss between the 
monitoring microprocessor and the Tektronix. It was 
not possible to use any end-to-end communications 
protocol because the buffer necessary for the Tektronix 
system's single serial port (see Figure 4) provided only 
one way communication. 

Many of these problems have now been overcome 
or will be overcome in the future NMES. 

One success of this exercise was the favourable 
response of the network managers to the NMES. The 
fact that the NMES suggestions were implemented 
during one of the busiest periods of the Christmas 
overload demonstrates that the managers considered 
the system to be useful and its advice reasonable. The 
NMES tended to suggest controls earlier than the 
network managers demonstrating the ability to process 
a large amount of information quickly. 


FURTHER DEVELOPMENTS 
With the success of this pilot system the use of 

expert systems will be expanded over the network in 
the network management centre (NMC). The NSW NMC 
has acquired a new Sun computer system to aid in the 
information gathering and storing tasks and provide 
resources for the running of several independent expert 
systems. Figure 9 shows the new system configuration 
which will be used. 
** The Sun system provides ethernet links between the 
database and the expert system to eliminate the 
problem of data loss. 
Colour graphics displays of network status 
information will be provided on the Sun 3/160s 
using the Dataviews graphics package to highlight 
existing controls and the problem areas in the 
network identified by the expert system and will 
display the NMES advice in a similar format. Work 
has already been completed on the graphics 
displays on an HP310 computer. 

*s The Suns will generate control codes for the main 
exchanges eliminating the need for the network 
managers to type them in. 

*s Network managers will be given the option of 
implementing the NMES advice, querying it (why 
was it suggested? which rules were used?), checking 
decision parameters (by graphs derived from the 
database) or implementing different controls. A log 
of action taken/not taken will be useful for 
developing better strategies with help from the 
network simulator. 

** The Unify database package will also help with the 
provision of an ‘events’ calendar so that the 
network managers and the expert system can be 
forewarned about problems that are likely to arise 
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=| 
Increase control on Lebanon to level 98 
Increase control on Malta to level 81 


=| 

rule 2 

if offered_traffic_to_otc(OFFERED_LEVEL) and 
OFFERED_LEVEL/=0 and overflow_to_otc(PERCENT_ 
OVERFLOW) then congestion(PERCENT_OVERFLOW) 


rule 3 

if overflow_to_otc(PERCENT_OVERFLOW) and 
offered_traffic_to_otc(OFFERED_LEVEL) 

then PERCENT_OVERFLOW__REQUIRED is 70 and 
EXCESS_LEVEL is OFFERED LEVEL*(PERCENT_ 
OVERFLOW-PERCENT_OVERFLOW_REQUIRED/100 and 
excess(EXCESS_LEVEL) and LACK_OF_TRAFFIC is — 
EXCESS_LEVEL and lack(LACK_OF __TRAFFIC) 


rule 7 

if congestion(CONGESTION_LEVEL) and CONGESTION _ 
LEVEL =75 and CONGESTION_LEVEL® 85 and 
controls(some_in) then action(add_controls(asr_level)) 


rule 22 

if action(add_controls(asr_level)) and excess(|,0) and 
worst__asr(SOME_COUNTRY) and not(control(SOME_ 
COUNTRY,98)) then 
action(increase__control_on(SOME_COUNTRY)) 


rule 27 

if action(increase_control on(SOME_COUNTRY)) and 
excess(CURRENT_EXCESS__LEVEL) and traffic_to_ 
country(SOME_COUNTRY,CURRENT_TRAFFIC_LEVEL) 
and CURRENT_EXCESS_LEVEL =CURRENT_TRAFFIC_ 
LEVEL and control(SOME_COUNTRY, CURRENT_ 
CONTROL_LEVEL) then increase_control_on(SOME 
COUNTRY,98) and TOTAL_TRAFFIC_TO_COUNTRY is 
CURRENT_TRAFFIC_LEVEL*100/(100-CURRENT_ 
CONTROL_LEVEL) and EXTRA_BLOCKED_TRAFFIC is 
TOTAL_TRAFFIC_TO_COUNTRY*(98-CURRENT_ 
CONTROL_LEVEL)/100 and NEW_EXCESS_LEVEL is 
CURRENT_EXCESS_LEVEL-EXTRA_BLOCKED TRAFFIC 
and new_excess_traffic_isi(NEW_EXCESS_LEVEL 


rule 28 

if action(increase_control_on(SOME_COUNTRY)) and 
excess(CURRENT_EXCESS_LEVEL) and taffic_to_ 
country(SOME_COUNTRY,CURRENT_TRAFFIC_LEVEL) 
and CURRENT_EXCESS_LEVEL CURRENT_TRAFFIC_ 
LEVEL and control(SOME_COUNTRY, CURRENT_ 
CONTROL_LEVEL) then TOTAL_TRAFFIC_TO_COUNTRY 
is CURRENT_TRAFFIC_LEVEL*100/(100-CURRENT_ 
CONTROL_LEVEL) and EXTRA_LEVEL OF CONTROL is 
100*CURRENT EXCESS LEVEL/TOTAL_TRAFFIC_TO_ 
COUNTRY and NEW_CONTROL_LEVEL is EXTRA_ 
LEVEL_OF_CONTROL+CURRENT_CONTROL_LEVEL and 
action(increase_control_on(SOME_COUNTRY, 
NEW_CONTROL_LEVEL)) 


rule 37 

if action(increase_contro] on(SOME_COUNTRY,NEW 
CONTROL LEVEL)) and level(VALID_CONTROL_LEVEL,_ 
,_) AND VALID_CONTROL_LEVEL =NEW_CONTROL_ 
LEVEL then increase_control_on(SOME 
COUNTRYVALID_ CONTROL_LEVEL) and 

new__excess_ traffic__is(O) 


Fig. 8 — Some of the Rules used by the NMES for Advice to the 
Network Managers 
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in the network such as caused by radio quizzes. Then 
time dependent strategies can be implemented 
allowing the use of preventative control actions. 
The network simulation, the expert system and the 
graphics display system will all access network 
configuration information from the database making 
it easy to incorporate network changes. In addition, 
the network manager will be able to modify the rule 
base as required. 

“It is envisaged that coverage of the whole state 
network can be provided by generating several 
independent expert systems with intersystem 
communication, each supervising a particular level 
of network hierarchy. This approach means that the 
rules can be simplified and the rule base for each 
expert system can be kept to a managable size. 
Similarly, the development and maintenance of 
these individual systems can be simplified. A facility 
will be investigated whereby the system could be run 
on ‘autopilot’ if the network managers are in 
agreement. 

"= Several strategies are being considered for rule 
development [2] once a satisfactory performance 
criteria has been decided on [10] including the use 
of inductive learning [13][14] on the network model 
and the use of a linear programming model [15]. 


% 


CONCLUSION 

Development and usage of the prototype expert 
system has demonstrated that expert systems have the 
potential to overcome most of the problems which have 
arisen in real-time network management. The most 
useful attributes of expert systems being the flexibility 
they provide, allowing network routing patterns and 
rules to be changed easily, and their processing power 
overcoming the information overload problem which 
network managers encounter in evaluating all the 
parameters required for network management control 
decisions. 

The prototype NMES was demonstrated to be 
useful and acceptable to the network managers. Trials 
over the Christmas 1986 period have resulted in 
improvements in its performance through 
enhancements to its rule base and the provision of a 
graphical user interface. These changes will be 
incorporated into the new expert system. 

The future use of expert systems in this area will 
simplify the tasks of strategy development and 
implementation and network traffic management, 
reducing the need for continual supervision of the 
network at the network management centre. Additional 
work in a user “advice rejection’ facility and in inductive 
learning will be undertaken for further rule 
development aiming towards a system that can fully 
supervise the network when the network manager 
desires. 
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Fig. 9 — Configuration of New Monitoring System with Multiple Expert Systems 
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It is hoped that, as a result, better utilisation of 
existing network capacity can be achieved and 
preparation can begin for the new integrated services 
digital network with digital exchanges, non-hierarchical 
trunking schemes, common-channel signalling and the 
future intermixing of voice and data traffic, all of which 
will present challenges in the area of network traffic 
management. 
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Telecommunications in the 
Pacific Basin 


G.L. Crew, Managing Director, Cable & Wireless (Hong Kong) Ltd. 


The Pacific Basin is becoming the new engine of international commerce, taking over from the Atlantic 
region. This decade the value of trade goods passing across the Pacific has exceeded the value of 
goods crossing the Atlantic, and the rate of growth is strongly in favour of the Pacific. Countries 
bordering the Pacific exercise the major influence on global affairs. The U.S. and Russia are the world’s 
super-powers, and some time in the next Century China will also justify this title. 


Hand in hand with trade and economic 
development stands telecommunications. The World 
Bank has estimated a 3% rise in per capita income for 
each 1% increase in per capita telephones. The Pacific 
community exhibits an enormous diversity in culture, 
economic development and _ telecommunications. 
Telecommunications growth will bring the Pacific 
nations closer together in economic terms, and help 
remove the barriers of cultural difference without, 
hopefully, removing the cultural differences themselves. 
The factors influencing telecommunications 
development are technological, regulatory and 
economic. This paper gives a brief review of each of 
these factors as they influence a number of individual 
countries and the whole Pacific Basin. 


State of Telecommunications 
Development 

The Pacific Basin includes countries ranging from 
the most developed in terms of telecommunications 
to some of the least developed. Perhaps one feature 
common to all countries is the growing importance of 
international telecommunications, which supports the 
growth of trade and travel and is a good indication of 
the relationship between countries. It must be admitted 
that international calls still tend to be made by a small 
proportion of the population, although travel and 
immigration are increasing that percentage. For 
example, Hong Kong has one of the highest 
international telephone calling rates in the world. Hong 
Kong people on average make 8 international calls each 
year, comparing with figures for the U.K. (5), USA (1.8) 
and Japan (1.0). Yet all those international phone calls 
are made by only 12% of the Hong Kong population. 


Lines per 100 Population 
USA 49.54 
Australia 41.28 
Japan 38.97 
Hong Kong 32.55 
Korea, Rep. 16.10 
Malaysia 6.17 
China, P.R. 0.57 


The number of telephone lines per capita is a good 
indicator of the wide divergence of telecommunications 
development around the Pacific Basin. The USA leads 
the world with 50 phone lines per hundred population. 
Australia has 40, Japan 39, and Hong Kong 34. At the 
other end of the spectrum the Philippines has 1.6, and 
China has only 0.5 lines per hundred population. On 
the other hand a number of networks are exhibiting 
high growth rates as their telecommunications networks 
develop. For example, the Malaysian network with 6.2 
lines per 100 people has been growing at 10.5% p.a. 
over the past 5 years. 

Standards of service vary widely, and can be a 
major inhibitor of economic growth, as foreign investors 
place telecommunications high on their list of basic 
requirements. In Singapore and Hong Kong the phone 
is taken for granted as being always available and always 
reliable. In the Philippines almost all the phones are 
located within Metro-Manila, and even there public 
discontent with the service is high. In Beijing there are 
over 40,000 waiting applicants willing to pay the very 
high (1 year's salary) connection fee, and it is known 
that many people do not bother to apply because of 
the long waiting time. 

The state of development of China and _ its 
telecommunications is becoming a significant factor in 
the Pacific scene. Industrially and commercially China 
is starting to develop and will become a major world 
economic force in the next century. At the present time 
China's telecommunications are developing rapidly as 
a key factor in the Government's policy of 
modernisation. The progress being made is probably 
best illustrated by the growth of telecommunications 
with Hong Kong. We have done our best to encourage 
and assist the development of the telecommunications 
infrastructure in China, particularly in Guangdong 
Province where there is an enormous community of 
interest with Hong Kong. The Hong Kong carriers 
cooperated with the Guangdong Posts & Telecom 
Bureau (GPTB) to establish microwave links through 
Guangdong, and switching centres in Guangzhou and 
other locations. For many years, the only link between 
Hong Kong and China was a 24 channel VHF system 
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between Hong Kong and Guangzhou. This remained 
operational throughout the cultural revolution, and was 
the basis for new developments when China adopted 
a more open approach to the rest of the world. 

A coaxial cable with 300 circuits was provided 
between Hong Kong and Guangzhou in 1974. This 
rapidly filled, and a microwave system with 2700 circuits 
was provided in 1983. We are presently laying a 6 fibre 
pair optical fibre cable which will open in December 
1988 with 8000 circuits, and has an ultimate capacity 
of 46,000 circuits. Following the establishment of a 
digital transit switch in Guangzhou in 1984, customer 
direct dialling was provided for the first time. The traffic 
flowing between Hong Kong and Guangzhou doubled 
within two months. As the telecommunications network 
has expanded in the Pearl River Delta and direct dialling 
has been extended to Beijing and Shanghai and a total 
of 60 centres in China, we have seen our traffic to China 
grow at 60% pa. These high growth rates are typical 
of the high level of activity in China in 
telecommunications. | am well aware that Telecom 
Australia is also actively involved in assisting China in 
its telecommunications developments. 

Every country in the Region is giving emphasis to 
telecommunications development, and exploiting the 
latest technology to speed progress. Indonesia is using 
satellite communications to extend service across its 
vast archipelago. Vietnam is about to commission its 
first satellite earth station. All countries are installing 
digital telephone exchanges which confer many 
benefits over the older electromechanical types. The 
major problem for most telephone administrations to 
overcome is the state of the local cable distribution 
network. Without proper jointing practices, moisture) 


A map of the Guangdong Province, PRC, 


showing the major microwave routes. 


exclusion techniques and cable records this is the major 
cause of service problems, and requires a very large 
investment in plant and skilled workmen to overcome. 

While the developing countires concentrate on 
basic telephone service, the more developed countries 
lead the world in the introduction of new types of 
telecommunication service. The U.S., Australia, 
Singapore, Hong Kong and particularly Japan offer a 
wide range of services beyond the basic telephone, 
telex and telegram services. Mobile communications, 
computer access networks, text to facsimile conversion 
and wideband services are just some of the features 
being used to add value to the telecommunications 
infrastructure. The gap between the “haves” and “have 
nots” in telecommunications is widening. 


Technology 

Technological change has been a feature of 
telecommunications since its first development in the 
middle of the last century. It is only occasionally that 
the impact is clearly felt by the customer — the 
replacement of telegraph by telephone as the normal 
means of long distance telecommunications, for 
example. The end user is barely aware of a host of 
technological changes which enable the carriers to 
cope with the changing expectations of the market 
place. 

Telegraph cables were laid into Australia and South 
East Asia in the 1870s, and across the Pacific to North 
America in 1902. The first long distant submarine cable 
suitable for good quality telephone conversations was 
laid across the Atlantic in 1956. Co-axial submarine 
cables quickly branched out across the Pacific, linking 
Australia to Europe and North America in 1963. Not 
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Pacific Rim — Planned Optical Fibre Cables 


long after, in 1964, the first Intelsat telecommunication 
satellite was launched. This was more of a revolution 
than submarine cables, for suddenly quite small 
isolated settlements such as those on the Pacific Islands 
could readily gain good quality voice communications 
with the rest of the world. 

We are about to go through another of these 
‘revolutionary’ technological changes — the advent of 
optical fibre submarine cables. These will bring a 
tenfold increase in capacity at a cost about half that 
of the traditional coaxial submarine cables. Researchers 
are predicting a further tenfold increase as line 
transmission rates are pushed from 280 Mbits/sec to 
2,000 Mbit/sec in a few years. 

Submarine optical fibre cables, with regenerator 
spacing up to 100 km, have such large capacity that 
a lot of attention is necessary to the security aspect. 
Loss of a coaxial cable might interrupt say 100 circuits 
and require up to 2 weeks to repair. During this period 
it is relatively easy to find alternative paths via other 
cables and satellite links to maintain service while the 
faulty cable is being repaired. The loss of 10,000 circuits 
is rather more difficult to manage, particularly when 
it is realised that the nature of optical fibre cables with 
digital transmission will attract new services which 
cannot readily be restored by other means. The 
international telecommunications community is faced 
with the prospect of quickly developing a new optical 
fibre submarine cable network with its own built-in 
redundancy for mutual support. For example, the East- 
West Pacific network is being planned as a loop of two 
cables so that each can provide restoration facilities 
for the other. 

Another change is the move towards submerged 
nodes, or branching points. Much more flexibility of 
network design can be achieved if the necessity to land 
cables to achieve interconnection can be reduced. For 


the first time submerged branching points are 
proposed. For example, Trans Pacific Cable 3 will bring 
two optical fibre pairs from Hawaii to a branching point 
north of Guam. Under the sea, in a suitable housing, 
the cable will be split, with one fibre pair branching 
off to Japan and the other fibre pair down to Guam. 
In the same branching unit there will be a fibre pair 
directly connecting Japan and Guam. 

The other significant factor about optical fibre 
cables is that they operate in the digital mode. The 
coaxial submarine cables all use analogue transmission 
and are designed primarily to carry telephone traffic; 
that is, voice communications. However, more and 
more traffic carried on the telephone network is 
primarily digital in its nature; either data 
communications or facsimile. The growth of facsimile 
in the last few years has been spectacular. Some 
international routes out of Hong Kong are carrying 
more than 30% facsimile traffic and the proportion is 
growing rapidly. Data communications accepts the 
limitations of a voice oriented network, but with the 
advent of optical fibre cables will look forward to better 
quality connections. There is also increasing pressure 
for high speed digital links for private data networks 
which cannot conveniently be provided over the 
analogue based international network. Optical fibre 
cables potentially offer unlimited data rates to private 
network users. 

The International Telecommunications Satellite 
Corporation, Intelsat, is fully aware of the possible 
impact of optical fibre submarine cables on their 
business. The capacity and cost per circuit of 
telecommunication satellites has fallen dramatically 
since Intelsat I was launched. Intelsat have a 
programme to upgrade the present Intelsat V series 
to provide digital communication links, greater capacity 
and more flexibility of utilisation. This is resulting in 
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a number of new services such as the Intelsat Business 
Service (IBS) which makes available private data links 
up to 8 Mbit/s by a single satellite hop. Although the 
quality of service is not up to the exacting standard 
of normal international leased circuits, the prices are 
substantially less. Another service is Intelnet 1 which 
is a point to multi point data broadcast facility via 
satellite, designed for reception by Very Small Aperture 
Terminals (VSAT) which have receiving dishes of about 
1 metre diameter. This service is specifically designed 
to cater for data and new distribtuion requirements, and 
can provide rates of to 19 kbit/s. The low price and fast 
installation of the VSAT for reception is a significant 
factor in this new service. Work is in progress on an 
Intelnet 2 service which will offer bi-directional 
transmission to and from VSATS. 

Intelsat have already specified their new generation 
telecommunication satellite, Intelsat VI. Due for launch 
in 1989, this will offer a tenfold increase in capacity 
with expectations of substantially lower per-circuit 
costs. If the current satellite launching problems can 
be successfully overcome, and Intelsat VI is on 
schedule, it will be in position about the time that the 
optical fibre submarine cables become operational. 
Thus by the early years of the next decade the 
international telecommunications network will have 
changed from being entirely analogue to 
predominately digital. Most countries are already 
utilising digital switching techniques for their 
international gateway switching points, so the 
international switched networks will rapidly become 
fully digital, and certainly at a faster rate than will be 
achieved by most national and local telecommunication 
networks. With the parallel introduction of CCITT 
No. 7 signalling system (C7), the international network 
will be ready to implement the Integrated Services 
Digital Network (ISDN). 

Most well developed national networks are moving 
towards the introduction of ISDN by the end of this 
decade. Telecom Australia will open ISDN service in 
1988. Singapore and Hong Kong are both currently 
conducting limited trials to evaluate technical and 
service aspects of ISDN. Japan is evaluating the results 


of its Information Network Service trial which provides 
an extensive range of new services, including TV based 
wide-band services. 

ISDN requires a wide use of digital exchanges and 
transmission links within the national network, where 
the existing high level of investment in analogue 
equipment may serve to slow the penetration rate of 
digital systems and associated services. In this respect, 
newly developing networks may have an advantage by 
moving into digital systems at the start. This is the case 
in Macau and Shenzhen, China. 

The telephone company in Shenzhen is a joint 
venture between Cable and Wireless (49%) and the 
Provicincial Postal and Telecommunications 
Administration (51%). Shenzhen was declared a special 
Economic Zone in 1981, and its population has grown 
from about 50,000 to over 400,000 since that time. The 
new company inherited poorly maintained external 
plant and one exchange of 2000 lines. They decided 
to instal a single new digital exchange providing local, 
trunk and manual assistance facilities, and to use 
remote line units (RLUs) to extend service throughout 
the Special Economic Zone. Shenzhen now has 15,000 
lines in operation, and is achieving a net growth of 800 
per month. RLUs are connected by optical fibre cable 
and digital microwave. Telephone density is now over 
13%, the highest in China. 

Macau faced a similar situation in 1981, and opted 
for a similar solution — a single central digital exchange 
with RLUs connected in a single main configuration by 
PCM on transverse screen or optical fibre cable. 
Telephone density is now about 15%. The main 
problem faced by Macau and Shenzhen has been the 
reluctance of building owners to make space available 
for RLUs. External cabinets are not favoured in the local 
climatic conditions. 

Hong Kong has always had the problem of high 
density development, and has used PCM extensively 
since 1965. To conserve duct space, optical fibre cables 
were introduced in 198], and the Territory now has 15 
million metres of fibre in use in the junction network. 
In 1983, 50% of the exchange lines were Strowger type 
and digital equipment was just being introduced. 
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Growth and replacement have now built the digital 
exchange proportion to 20%, and every urban 
exchange includes a digital line unit. All the Strowger 
equipment will have been replaced by digital by 1994. 
To fully exploit the potential benefits of a digital 
environment C7 signalling is required. This is being 
introduced into Hong Kong's international switches in 
1988, and into the local network in 1989. The concept 
of Centrex (a PABX facility built into the local exchange) 
is being explored as a means of extending the power 
of C7 signalling to the customer's equipment without 
having to wait for PABX manufacturers to include ISDN 
signalling in their equipment. 


New Service Developments 

The overriding concern of most countries in the 
Pacific Basin is the provision of basic telephone service, 
while the developed countries are seeking ways to add 
value to their telecommunications networks through 
provision of new services. The developing networks are 
now using modern digital equipment and so have the 
capability to offer new services to those customers 
lucky enough to have a line. The additional investment 
in value added services is small and the potential 
income is attractive. I believe that a number of 
developing networks are missing opportunities for 
generating revenue, possibly due to concern at 
potential criticism for enhancing service to existing 
customers while basic service penetration is low. 

Some new services are quite simple to provide, but 
add considerably to the convenience of 
telecommunications. For example, a number of 
countries have introduced a Distant Operator Direct 
Service, which enables a visitor in a country wishing 
to call home to be connected to a telephone operator 
in his own country, eliminating difficulties of language 
and unfamiliar operating procedures. A simultaneous 
translation service is being offered in Hong Kong, so 
a businessman can phone a client who does not speak 
the same language. International Toll Free service allows 
overseas companies to have a local number to receive 
phone calls which are then connected to their overseas 


Global PABX Features 


e Short Code Dialling 
e Fast Connect 

e Call Transfer 

e Conference 

e Call Forwarding 

e Real Time Directory 


office. The international charge is paid by the called 
party. 

The advent of handheld mobile radio telephones 
can ease telecommunications problem for the business 
traveller through simple adminstrative arrangements 
between telephone companies. For example, when | 
arrive in Sydney from Hong Kong, I collect my handheld 
radio telephone from Telecom Australia, and return it 
when | leave. | have arranged for the phone number 
to be assigned before I leave Hong Kong, so | can 
inform people throughout the world who may need to 
call me. I avoid expensive hotel surcharges on my 
phone calls, and I am billed to my Hong Kong phone 
account. If the mobile radio telephone service uses the 
same frequency band and standards as Hong Kong, | 
can carry my own handheld phone and number with 
me — a facility that will be available between Hong 
Kong and Guangzhou later this year. 

The travelling businessman in the USA can make 
phone calls from his aircraft seat. Developments are 
in hand to make this service available worldwide by 
establishing a communications system between aircraft, 
satellite and the international telephone network. New 
aircraft have telephone handsets located in passengers’ 
seats. On a long trans-Pacific flight the temptation to 
phone home will be strong. 

The growth of facsimile machines using the 
telephone network represents a revolution in 
telecommunications, and presents opportunities for 
telephone companies to add value to their service. In 
Hong Kong facsimile growth was 2.7 times in 1986/87, 
and international traffic generated by those machines 
grew at the same rate. A range of services called Faxline 
has been introduced to assist Fax. customers. These 
include an on-line diagnostic service, text-to-fax 
translation, operator and directory assistance, and an 
international access code distinct from telephone which 
enables us to maximise the workable data speed on 
a Fax. to Fax. connection. In Japan KDD has opened 
a Fax. store and forward service for calls to the U.S.A. 
which utilises a high quality international link for 
improved transmission quality, and will make repeat 
calls to deliver the message if the called party is busy. 
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In the previous section I described how the 
international telecommunications environment is 
rapidly moving towards very high capacity and 
predominently digital transmission links. This capacity 
will not be fully utilized by growth of the traditional 
telecommunications services, but will pave the way for 
the introduction of new international services requiring 
wide bandwidth or high speed data transfer. The 
matching development of ISDN in national networks 
will give a rapidly increasing range of customers access 
to this capacity for both national and international use. 
Substantial investment is being made by national and 
international carriers in this new capability, giving 
evidence of considerable faith in the development of, 
and demand for, new services requiring high capacity. 

I believe that the inclusion of international access 
in ISDN services will be a significant factor in their 
acceptance by customers. For example, the evidence 
so far indicates a low acceptance of new facilities in 
modern PABXs where the enormous range of 
customers calling features are invariably under-utilized. 
However, if these features can be extended nationally 
and internationally rather than restricted within a 
particular PABX environment, they suddenly become 
much more useful. They open the door to enhanced 
global corporate communications, providing the 
convenience of PABX features to all corporate offices 
worldwide. In the presence of time zone changes, and 
the difficulty of contacting people regularly on the 
move, facilities such as short code access, fast connect, 
call tranfer, automatic conference and voice and data 
messaging will be extremely useful within a multi- 
national corporation. 

Video Conferencing has been around for many 
years, without achieving a high degree of customer 
acceptance. | believe this is largely due to the price of 
wideband links and inconvenience factors associated 
with present methods of service provision. In a digital 
environment bandwidth compression techniques are 
available giving good quality video at 1.5 or 2 Mbit/s, 
and even lower bit rates can provide acceptable quality. 
This in turn leads to establishment of the video 
conference facility in the executive's office, or at least 
in the same building. Internal corporate conferencing 
is finding a high level of acceptance in the USA, often 
between locations in the same city. In this situation, 
the price of the link is quite low. In the emerging digital 
environment the same facility will be readily available 
internationally. 


Regulatory Change 

The North Eastern boundary of the Pacific Basin 
is North America, the home of telecommunications 
regulatory change. In a deliberate move to make the 
United States telecommunications industry more 
competitive, both domestically and internationally, the 
monolithic Bell Telephone System of ATST has been 


International Call Accounting 


Hong Kong 
To AUST Collect $12.30 Retain $4.88 
From AUST Receive $7.42 
To PHIL Collect $10.50 Retain $0.69 


From PHIL Receive $9.81 


Telephone Trade (HK$) 


HONG KONG PHILIPPINES 
Cost / call $7.90 — ~=— $19.10 
Traffic balance 1—> ~<— 0.42 
Balance of payments +$39 M 
Telephone Trade (HK$) 
HONG KONG AUSTRALIA 
Cost / call $12.30 — ~— $9.00 
Traffic balance 1— =— 1:27 
Balance of payments +$17 M 


Telecommunications Trade 


disassembled, and a new set of regulations designed 
to foster competition. Each local telecommunications 
network has an exclusive franchise for its area, but long 
distance links between local carriers are strongly 
competitive. In the international arena there are three 
telephone service carriers and about 20 international 
record (non voice services) carriers. The appearance 
of multiple international carriers for one country is 
having an interesting effect on the traditional thinking 
of the international telecommunications community. 

The U.K. Government had adopted a different 
regulatory model to that of the USA. Two privately 
owned companies, British Telecom (BT.) and Mercury 
Communications Ltd have a duopoly in network sectors 
— local, trunk and international. Mercury, a wholly 
owned subsidiary of Cables & Wireless, has 
commenced operations with the establishment of a 
fully digital network specifically designed for private 
network applications. This has led to the idea of the 
Global Digital Highway, and work is well in hand to 
extend the features of the Mercury network across the 
Atlantic and into the United States. With the recognition 
that the Pacific Basin is becoming the power house of 
the world’s economy, it is natural to extend the Digital 
Highway into the Pacific region. This has resulted in 
plans to provide a suitable optical fibre cable between 
North America and Japan, which will then link up to 
other optical fibre cables into S.E. Asia, and utlimately 
into the remaining major telecommunications centres 
of the Pacific Basin. 

The Japanese regulatory situation has been a 
significant factor in the decision to connect the Digital 
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Highway into Tokyo. The Japanese Government had 
adopted its own regulatory model, with 5 licensed 
national carriers concentrating on competition in trunk 
services, but also considering local network entry 
against the original carrier, NTT. Internationally, Japan 
has invited licence applications from companies 
seeking to compete with the established carrier, KDD. 
Two applications have been lodged, one from 
International Telecommunications Japan Ltd. (ITJ) and 
one from International Digital Communications Ltd. 
(IDC) which has 33% British and American ownership. 
At the time of writing no decision has been announced, 
but there is a strong expectation that each applicant 
will be awarded a licence, creating three international 
operators. 

Japan presents some interesting anomolies. It has 
an excellent universal telecommunications network and 
is involved in some of the most advanced 
telecommunications developments, including extensive 
field trials of ISDN and wideband telecommunications. 
And yet Japan currently generates only 1.4% of its GNP 
from telecommunication services, compared with 
about 2.5% for America. In a country of 45 million 
telephones only | million have access to international 
direct dialling, and the dominant local carrier, NTT, has 
estimated that it will take some years to significantly 
increase the penetration of this service. The entry of 
a competitive international carrier is expected to 
generate an upsurge in demand for international 
services, and make Japanese services much more 
competitive, thus improving the attractiveness of Japan 
as a base for Pacific region activities. 

The USA, UK and Japan, all highly developed 
nations, have introduced various forms of 
telecommunications deregulation for a variety of 
political, economic and service oriented reasons. The 
introduction of multiple carriers is not suitable to the 
needs of less developed countries where conservation 
of scarce resources and strong central control of 
development is necessary. However, it is recognised 
that improved efficiency and productivity can best be 
achieved by having a commercial company provide the 
telecommunications service. This entity may be 
government owned, privately owned or a joint 
government/private venture. 

Smaller countries with substantial development 
needs find the involvement of a foreign 
telecommunications company brings benefits in the 
form of investment, foreign currency and expertise. Fiji, 
Tonga, the Solomons and Vanuatu use a combination 
of government owned and privately owned 
corporations. Thailand and Sri Lanka are both 
considering privatisation of their telecommunications. 
Even China, with its enormous development 
requirements, has allowed the establishment of two 
commercial joint ventures with Cable and Wireless to 
provide telephone service in Shenzhen and 


communications to oil rigs in the South China Sea. 

Malaysia has established its telecommunications 
carrier as a government owned corporation with much 
more business autonomy than it previously enjoyed as 
a Government department. This is a first step towards 
ultimate privatisation. Within its short life) Syarikat 
Telekom Malaysia (STM) has studied a number of joint 
venture possibilities with foreign partners. One of these, 
with Cable and Wireless, is to join peninsula Malaysia 
and west Malaysia with a submarine optical fibre cable. 
This cable will also make provision for international 
circuit capacity, and plans are being developed to link 
this cable, and other new otpical fibre cables being 
planned by ASEAN countries, with the Philippines and 
Hong Kong, and thus the North Pacific. 

The Philippines network developed like the U.S. 
model, although not so well organised. There are 58 
local operators, some offering effectively a PBX service 
without access to the other networks. The major local 
network company, Philippines Long Distance Telephone 
Co. (PLDT) also has an effective monopoly of the trunk 
network. There are five international carriers. There are 
signs that the government is considering some 
regulatory changes towards the U.K. model. The 
intention would be to introduce competition for the 
trunk and international services, with more open access 
for the local networks and multiple correspondants per 
international route. Given the strategic location of the 
Philippines between the South China Sea and the 
Pacific Ocean, its approach to telecommunications 
regulation and an increasing political stability would 
have a major impact on the international network in 
the Pacific Basin. 

Even Hong Kong with 2 million telephone lines, is 
having a Governmental review of telecommunications 
policy. Hong Kong’s telecommunications activity belies 
its size. As an international finance and trading centre, 
and the major entrepot for China, Hong Kong 
experiences a strong demand for local and 
international telecommunications. Many large private 
data networks are hubbed in Hong Kong. Apart from 
the network and basic services, Hong Kong's 
telecommunications are substantially deregulated. The 
Hong Kong Telephone Company has the franchise to 
provide the domestic telecommunications 
infrastructure, and Cable and Wireless (Hong Kong) has 
the franchise to provide and operate the international 
infrastructure. The sale of attachments and operation 
of value added network services is open to anyone, 
subject to Permit-to-connect for the former and a 
licence from the government for the latter. 


Telecommunications Trade 

A matter of considerable international debate 
continues to be the way in which international trade 
is conducted. The pre-occupation of the US. with its 
very large trade deficit, and its attitude to Japan with 
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its large trade surplus, is a major factor in Pacific Basin 
politics. The nations of Asia and the Pacific watch with 
great concern the internal politics of the US. in trying 
to deal with its trade problems. For small countries, 
their international telecommunications service may also 
have a significant influence in trade balance. Due to the 
internationally agreed method of accounting for 
telecommunications, changes in the direction of traffic 
flow may result in serious financial imbalances which 
not only affect the carrier but may cause balance of 
payment problems for the country itself. 

By international agreement the country originating 
a phone call makes a payment to the destination 
country. An ‘Accounting Rate’ is agreed for each route 
and this is divided between the parties involved. On 
a direct route this Accounting Rate is usually, but not 
always, split 50/50. On indirect routes the transit points 
will also receive a portion of the Accounting Rate. These 
Accounting Rates are usually expressed on a per 
minute basis in an international currency or basket of 
currencies (Gold Francs or Special Drawing Rights, 
SDR). 

From the above it is obvious that telephone traffic 
to a foreign country represents an import in that the 
originating country must pay the distant administration 
in hard currency, usually US$, for the delivery of this 
traffic. Conversely telephone traffic from overseas 
represents an export in that the receiving country will 
be paid for the delivery of this traffic. 

As with any other trading situation problems arise 
when imbalances occur. Thus if a country sends much 
more telephone traffic than it receives enormous cash 
outpayments may arise. Unfortunately the outgoing and 
incoming telephone traffic on any international route 
does not normally balance. There can be many reasons 
for this but the most common are: 

(i) Operational or technical constraints in one of the 
countries e.g. no customer direct dial facility. 
(ii) Tariffs seriously out of balance so that it is 
noticeably cheaper to call from one end. 
(iii) Demographic or trade differences which create 
natural traffic imbalances. 

There is a natural tendency for calls to be made 
from a less developed national network to a more 
developed national network, as it is much easier to 
successfully terminate the call. As national 
telecommunications network development. reflects 
national economic development, this tendency is a 
severe trading problem for developing countries. They 
usually take action to correct or reverse the traffic 
balance by discouraging outgoing international calls, 
which in turn inhibits economic development. 

Accounting Rates are usually initially agreed on an 
approximate cost allocation basis. However, established 
rates soon deviate from their initial cost base due to 
exchange rate fluctuations and changes in operational 
efficiency. As efficiencies are improving throughout the 


world with resulting tariff reductions, and as the usual 
settlement currency (US$) has devalued against the 
Gold Franc and SDR, nearly all long established 
Accounting Rates are far too high and can often actually 
exceed the amount collected from the customer. When 
this happens the carrier actually loses money on all 
outgoing traffic. Unfortunately it is always very difficult 
to renegotiate Accounting Rates because traffic 
imbalances mean that one of the parties must always 
suffer a serious financial loss. 

As a result of high Accounting Rates nearly all 
administrations make far more money on incoming 
than outgoing traffic and some deliberately keep their 
own Collection Rates very high in order to encourage 
calls to be made from the cheaper distant end, thus 
earning foreign currency and increasing their 
profitability. 

Changes to the international telecommunications 
accounting system are not easy to achieve, despite the 
fact that they inhibit pricing decisions by each 
administration. A much discussed solution is for the 
sender to keep all — that is, the originating country 
does not pay anything to the terminating country. The 
problem with this solution is that it would be to the 
disadvantage of developing countries, and generally 
remove the incentive for carriers to invest in capacity 
for the receiption of calls. In the overall trade situation 
it is probably a minor point, but for the 
telecommunications community it is a matter which 
must be addressed. 

Action by developed nations to assist developing 
nations establish their telecommunications 
infrastructure is utlimately to the benefit of the whole 
international trading community. This assistance should 
not be restricted to capital equipment and technical 
support, but include suitable international accounting 
arrangements which encourage rather than discourage 
use of the international telecommunications system. 


Conclusion 

There are a number of conflicting pressures 
building up, not only in the Pacific Basin but in the 
world telecommunication scene. We can expect 
significant cost reduction for international transmission 
facilities which should be passed on to the end user. 
The emergence of multiple carriers in some countries, 
and developments like the Cable and Wireless Digital 
Highway will apply commercial pressure to reduce 
prices. Most of the cost reductions and commercial 
pressures are immediately applicable to the private 
network sector, as public switched services have other 
significant costs which are not falling to the same extent 
as international transmission linx:. Further, international 
accounting arrangements currently inhibit — tariff 
reductions for public switched services whereas these 
inhibitions do not apply to leased circuit charges. 

The carriers of the Pacific Basin need to jointly find 
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ways to solve these problems so that the benefits of 
technological change and cost reductions can be 
enjoyed by the whole telecommunications community 
without adversely affecting any one member. The needs 
of our developing colleagues must be a prime 
consideration in finding the solutions. The competitive 
forces that may well be justified in the large and well 
developed markets of the United States, Japan and 
other countries are not necessarily beneficial in smaller 
and less developed markets. 

Most telecommunication administrations share a 
common philosophy, that the value of the national 
telecommunications network is enhanced by every new 
member, and that the total network community should 
be prepared to accept prices which average the 
different costs associated with connecting each new 
customer. This is also true in the international arena. 
The telecommunications community, collectively 
supports a number of bodies to provide technical and 
financial help for developing countries’ 


telecommunications infrastructures. Organisations like 
the International Telecommunications Union, Pacific 
Telecommunications Council and Asia Pacific 
Telecommunity arrange technical assistance where 
required. The World Bank recognises the importance 
of telecommunications to economic development, and 
provides necessary financial help. In addition, more 
developed administrations, including Telecom Australia, 
and the Overseas Telecommunications Commission 
(Australia) are involved in activities designed to enhance 
the telecommunications of other, less developed, 
countries. The example given by the international 
telecommunications community could well be used to 
address the various economic and political problems 
facing the Pacific Basin. 


This article is based on the keynote lectures delivered at all capital 
cities in Australia by Mr. Greg L. Crew to members and guests of the 
Telecommunication Society of Australia in September 1987 


Mr. Greg Crew is the Managing Director of Cable 
and Wireless (HK) Limited. Cable and Wireless 
Hong Kong is a member of the Cable and 
Wireless PLC Group of companies and provides 
all international telecommunications services for 
Hong Kong, as well as providing internal telex and 
telegram service 

Mr. 
General's Department in 1955 as a cadet engineer. He graduated 


Crew joined the Australia Postmaster 
from the University of Tasmania in 1959 and occupied a variety of 
posts in PMG/Telecom Australia, including those of Assistant Chief 
Engineer Construction and General Manager Commercial Services, 
He has been involved in research, engineering design, engineering 
construction, data processing and commercial activities 

In April 1983 Mr. Crew was appointed General Manager Engineering 
of the Hong Kong Telephone Company, which is a member of Cable 
and Wireless PLC Group, and which provides the internal 
telecommunications infrastructure and telephone service of Hong 
Kong. He was appointed Senior General Manager of Hong Kong 
Telephone in January 1986, and was appointed to his present position 


in October 1986. 
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Launceston — Melbourne 
140/68 Mbit/s Microwave Digital 
Radio System 


G.B. Johnston, L. Davey 


This article summarises the design development, construction and testing of a practical high capacity 
digital radio system operating via extremely long overwater paths across Bass Strait. To achieve 
satisfactory performance in such difficult propagation conditions required an unusual and complex 
approach incorporating two different adaptive equaliser techniques and dual frequency band 


operation each with space diversity receivers. 


INTRODUCTION 

The first broadband microwave system between 
Tasmania and Victoria via Flinders Island was 
commissioned in 1966 and consisted of a Marelli- 
Lenkurt 960 channel analogue telephony bearer and 
a protection bearer. This system was later expanded 
to provide a south bound TV. bearer. 

In October 1986 an NEC 500 series analogue radio 
system was commissioned, replacing the Marelli- 
Lenkurt system and expanding the number of TV 
bearers to two in each direction. One pair of television 
bearers is currently being used with DOR (Digital On 
analogue Radio) equipment to provide 8 Mbit/s of 
digital capacity. DAV (Digital Above Voice) systems are 
also in use on the telephony and DOR bearers to 
provide an additional two 2 Mbit/s streams. The 
provision of digital transmission capacity on analogue 
radio systems in this way is an interim technology and 
is inefficient compared with providing digital 
transmission capacity utilising radio systems specifically 
designed for the purpose. 

The new digital radio system between Victoria and 
Tasmania provides a protected 140 Mbit/s bearer in 
each direction on the overland sections and a 68 Mbit/s 
bearer in each direction on the overwater sections. The 
transmission capacity will be used to carry up to 23, 
2 Mbit/s streams between Launceston and Melbourne 
for purposes such as: 

(i) digital voice circuits for telephony traffic between 
AXE exchanges (some including common channel 
signalling) 

(ii) digital voice circuits associated with the CMTS 
(Cellular Mobile Telephone Service) system 

(iii) digital data network services 

(iv) voice frequency special services network 

(v) Megalink, 2 Mbit/s special services (dedicated to 
a particular customer). 

The major challenge in providing the new digital 
radio system has been to achieve satisfactory 
performance on the exceptionally long overwater 


sections from Waterhouse on mainland Tasmania to Mt 
Tanner on Flinders Island (112 km) and from Mt Tanner 
to Mt Oberon in Victoria (158 km). There is a high 
probability of severe multipath, frequency selective, 
propagation conditions occurring on these sections. To 
overcome the severe effect of these conditions on the 
performance of the system, a dual frequency band, 
space diversity system has been used. Other techniques 
such as adaptive amplitude and transversal time 
domain equalisers have also been employed. 
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Fig. | — Launceston — Melbourne 140/68 Mbit/s Digital Radio System 
Site Locations 


GENERAL SYSTEM DESCRIPTION 

The digital radio system between Juliana Street, 
Launceston and Surrey Hills, Melbourne overlays a pre- 
existing broadband analogue system, utilising the same 
sites, buildings, towers and power plant. Had this 
sharing not been achievable, the cost of the digital 
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system would have been vastly increased. Generally the 
overland sections of the digital system utilises 
previously unused ports on dual polarised antenna 
systems provided originally for the analogue system. 
Figures | and 2 show the location of the repeater sites 
and summarise the major features of the system. 

The Juliana Street to Mt Dismal and the Mt Dismal 
to Waterhouse switching sections are each equipped 
with one 140 Mbit/s bearer and one 140 Mbit/s 
protection bearer in each direction. Each site has the 
CCITT standard data rate of 139.264 Mbit/s available 
thus allowing for the connection of MUX (Digital 
Multiplex Equipment) equipment as necessary to 
provide digital capacity to areas around the radio sites. 

The Waterhouse to Mt Tanner and Mt Tanner to Mt 
Oberon sections effectively provide one 68 Mbit/s 
bearer in each direction, with a ‘protection’ bearer 
permanently utilised to carry the same data and 
therefore unavailable for any other use. The input and 
output ports of the 68 Mbit/s bearers each consist of 
2 x 34 Mbit/s CCITT standard data streams. Mt Tanner 
has the standard 34 Mbit/s streams available for future 
connection to MUX equipment so that part of the 
digital transmission capacity can be utilised on Flinders 
Island. 

The Mt Oberon to Surrey Hills switching section is 
equipped with a 140 Mbit/s bearer and a 140 Mbit/s 
protection bearer in each direction. The repeater sites, 
Foster North, Loch, Dunns Hill and Reedys Hill do not 
have standard data rates available for connection to 
MUX equipment. 


Overall, although some sections of the system 
provide 140 Mbit/s capacity, the initial capacity 
provided between Launceston and Melbourne is 2 x 
34 Mbit/s streams in each direction. 


DESIGN DEVELOPMENT OF THE 
OVERWATER SECTIONS 
Introduction 

In 1984 the reported experience with high capacity 
digital radio was mainly confined to inland routes with 
conventional hop lengths of around 50 km. It was 
therefore necessary to conduct field trials to assess the 
performance of the various digital radio equipment 
capacity and configuration options available to 
determine the most appropriate arrangement on the 
worst hop of the proposed overlay. 

The overlay method was favoured as it was the most 
economic solution compared with the alternative of 
establishing a new repeater, at Deal Island between Mt 
Oberon and Flinders Island, to reduce the hop length 
and thereby improve performance. The cost and 
logistics of servicing diesel power plant and maintaining 
the radio equipment on such an inaccessible place as 
Deal Island were further reasons to favour the overlay 
solution. 

Accordingly the first field trial on the Mt Tanner - 
Mt Oberon hop was commissioned in 1984 and used 
an arrangement of three bearers each employing a 
different capacity, and modulation method, to give an 
early indication of the highest capacity that might be 
achieved on this difficult route. 
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Fig. 2. — Launceston — Melbourne 140/68 Mbit/s Digital Radio System Schematic. 
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Multi-Bearer Trial (1984/85) 

A field trial was established on the 158 km Mt 
Tanner — Mt Oberon path in November 1984 using 
three 3.8 GHz bearers equipped with a 34 Mbit/s, 4 PSK 
(Phase Shift Keyed); 2 x 34 Mbit/s, 8 PSK and 4 x 34 
Mbit/s, 16 QAM (Quadrature Amplitude Modulated) 
modems. All systems operated with maximum power 
combining dual space diversity and adaptive amplitude 
equalisation. The 8 PSK and 16 QAM bearers had, 
additionally, time domain equalisation. 

The lunor performance and avaialability of each 
bearer were continuously monitored and analogue 
parameters indicating the transmission impairment of 
each bearer were also continuously logged at Mt 
Oberon using digital analyser and data acquisition 
equipment developed by HQ Radiocommunications 
Construction Branch. The collected information was 
transmitted to a mini computer in the Radio Spectrum 
and Design Office in Melbourne for subsequent 
analysis. 

The results from this trial indicated that for the trial 
configuration using normal space diversity the 
performance of all bearers was considerably worse than 
the required error performance objectives (1). 

A theoretical study indicated that CCIR error 
performance and availability objectives for 68 Mbit/s 
could be satisfied on this hop by using 16 QAM 
modems and quadruple diversity(1). Quadruple space 
diversity had previously been trialed on a difficult hop 
on the Melbourne — Adelaide route with good results 
but was not suitable for the route to Tasmania due to 
tower height restrictions. Instead a combination of dual 
space and dual frequency band diversity (3.8/6.7 GHz) 
was considered. 


Dual Space and Dual Frequency Band 
Diversity Trial (1985/86) 

A second field trial on the Mt Tanner — Mt Oberon 
path was established in December 1985 using the 
combined space and frequency band diversity 
technique and 140 Mbit/s, 16 QAM modulation to 
evaluate the performance at the higher bit rate and to 
test the prediction that it could not be made to operate 
satisfactorily. This was necessary because of the 
requirement for 140 Mbit/s transmission to Tasmania. 

Two identically configured space and frequency 
band diversity (3.8/6.7 GHz) bearers using two different 
sets of 140 Mbit/s, 16 QAM equipment were used to 
enable performance comparison. The validity of the 
method used to calculate the predicted performance 
of a particular equipment capacity based on 
measurements of a similar arrangement, but different 
capacity, had been established on the earlier trial (3). 
Each bearer operated with maximum power combining 
dual space diversity and adaptive amplitude and time 
domain equalisation. The first set used a Baseband Bit 
Combiner to select the best bit stream and the second 


set used a hitless switch driven by switchover control 
logic. 

In May 1985 the switchover logic of the second set 
was upgraded to an improved version which examines 
certain radio equipment parameters to predict the need 
to affect a diversity switchover to improve performance 
(refer to (2) for details). 

The results from this trial showed good agreement 
with the theoretical predictions for quadruple diversity 
confirming the frequency band diversity improvement 
factors predicted except for periods where the 
formation of ducts caused severe flat fading (median 
depressions) for both bands (1). 

The major conclusions from this trial are 
summarised below: 
® significant improvements in error performance and availability 

were obtained using dual frequency band diversity however not 

to the extent of satisfying 140 Mbit/s objectives: 
® for the worst month (February 1986) — 

— the majority of degraded performance and unavailability 
occurred in 2 separate periods of up to 4 hours duration 
on 2 separate days: 

— for a significant part of the month, 13 out of 28 days, not 
a single bit error occurred. 

® Excluding periods where equipment faults have caused degraded 
performance the error performance and availability of the two 
sets of equipment have been approximately the same. 


Continuation of Dual Space and Dual 
Frequency Band Diversity Trial 
(1986/87) 

The 1985/86 trial was continued in 1986/87 and 
concluded in April 1987. The two major reasons for 
continuing the trial were to investigate the year to year 
variation in fading characteristics and to examine the 
behaviour of the predictive switch during an active 
fading period. The major conclusions from the 
continuation of the trial were— 
® there was not significant variation in the error 

performance and _ availability compared to the 

previous year; 

® significant improvement was obtained with the 
predictive protection switching configuration 
particularly in availability. 


Summary of Flinders Island Field Trials 
The Flinders Island field trial programme 
contributed significantly to the economical design of 
the Melbourne — Launceston digital radio system. The 
initial multi capacity trial produced vital radio design 
information that was used in theoretical studies to 
determine a suitable equipment arrangement. The 
novel dual space and dual band diversity arrangement 
selected was subsequently tested in a further trial that 
confirmed the effectiveness of this arrangement. 
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GENERAL SYSTEM DESIGN 
CONSIDERATIONS 

The pre-existing analogue system utilises the 2 GHz 
band for the long overwater sections and hence there 
are no interference problems between it and the 3.8/6.7 
GHz digital system. 

The overland sections of the system utilise unused 
polarisations on the dual polarised antennas originally 
provided for the analogue system. Operating in this 
manner requires that the Cross Polar Discrimination 
(XPD), of the antennas be optimised and achieve results 
better than 30 dB. The channel bandwidth used by a 
16 QAM 140 Mbit/s signal with (Quadrature Amplitude 
Modulated)= 0.5 roll off filtering is slightly greater than 
40 MHz. The channel spacing in the 6.7 GHz band is 
40 MHz therefore good XPD is required to reduce the 
level of interference of digital channels into adjacent 
analogue channels. To further reduce the effect of 
interference of the digital system into the analogue 
channels, narrow band mute circuitry and improved 
band elimination branching filtering were provided on 
the analogue system. 

As with all microwave radio systems, calculations 
were necessary to determine suitable antenna patterns 
to achieve the required signal levels and to reduce to 
acceptable levels the inter-system and intra-system 
interference. Consideration was also given to protecting 
the geostationary satellite orbit from interference. 
Careful consideration was given to providing the 
optimum spacing between main and diversity antennas. 
The optimum spacing achieves the maximum 
combined IF (Intermediate Frequency) signal level over 


the greatest range of effective earth radii (caused by 
varying propogation conditions). 

Normally microwave radio systems utilise one band 
and re-use the same channels on each hop. For this 
system the 6.7 GHz band is used on all hops except 
the Juliana Street to Mt Dismal section. This was done 
to correct for a frequency site sense problem at Juliana 
Street. Existing 6.7 GHz systems terminating at Juliana 
Street had previously determined the site sense 
(transmit high) at Juliana Street. Similarly the site sense 
at Surrey Hills was also already set. The connection of 
these two sites with a 6.7 GHz system using the full 
number of hops involved would have inevitably led to 
frequency interference between systems at one of these 
sites. The use of 11 GHz for the Juliana Street to Mt 
Dismal hop required consideration of the effects of 
rainfall attenuation. The relatively short hop length and 
low rainfall rates in the area allowed the use of a non 
diversity hop with a normal fade margin. 

The analogue system between Mt Dismal and 
Waterhouse does not use space diversity antennas. For 
the digital system to achieve satisfactory performance, 
space diversity was necessary. 


EQUIPMENT DETAILS 
Modems 

The internal plant equipment was manufactured by 
NEC in their 500 series format. The 140 and 68 Mbit/s 
modems use 16 QAM with (Quadrature Amplitude 
Modulated)= 0.5 roll off filtering. The 140 Mbit/s 
modems accept a single 139.264 Mbit/s CMI (Coded 
Mark Inversion) line signal. The 68 Mbit/s modems 
accept 2 x 34 Mbit/s HDB3 (High Density 
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Fig. 3 — Typical Configuration for the Overwater Sections. 
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Bipolar) coded line signals. The modulators and 
demodulators have a 70 MHz IF as their output and 
input respectively. 

The demodulators include both adaptive IF 
amplitude equalisers and transversal time domain 
equalisers. Terminal type modulators and demodulators 
provide for hitless (error free) switching between a 
normal bearer and the protection bearer. Hitless 
switching can be initiated manually or will occur 
automatically if the BER (Bit Error Rate) exceeds 2 x 
10° (estimated by monitoring the rate of parity error 
violations occurring in the radio data frame). Non 
hitless switching can also be manually or automatically 
achieved. Automatic non-hitless switching occurs if the 
BER exceeds 103, data loss occurs, or frame 
synchronisation is lost. 

Figure 3 shows the configuration for a typical 
overwater section. The DAP — 68 MB functional block 
is the unit which hitlessly selects the most error free 
received signal. On the transmit side only one 
modulator is used to provide IF to the 3.8 and 6.7 GHz 
transmitters although a second modulator can 
automatically replace it in the event of a failure. 


Transmitters and Receivers 

The 11 GHz transmitters have +28 dBm output 
power. The 6.7 GHz transmitters on the overland hops 
have +30 dBm output power. Receive signal levels on 
the overland sections are typically -34 to -36 dBm. On 
the overwater sections, the 6.7 GHz transmitters use 
Travelling Wave Tube power amplifiers rather than solid 
state types as used in transmitters on the overland 
sections. This was done to provide additional output 
power (+34 dBm) while still achieving the necessary 
transmitter linearity. Similarly the 4 GHz transmitters 
are equipped with additional solid state power 
amplifiers to provide linear transmitter power at +33 
dBm. The received signal levels on the overwater 
sections are typically -38 to -40 dBm. The diversity 
receiver system is a maximum power endless phase 
adjustment IF combining type. 


External Plant Equipment 
All the antennas, waveguides and aerial circulator 
assemblies were manufactured by Andrew Antennas. 
Figure 2 indicates the types of antennas used at 
the various sites. Most of the antennas are either 3.0 m 


Fig. 4 — UMX 12-465 Antennas during Assembly on Site at Mt. Tanner. 
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or 3.6 m in diameter. The UHX and UMX antennas are 
fitted with shields to give improved control of the 
radiation pattern (e.g. an LBX 12-65 has a front to back 
ratio of 65 dB compared to 75 dB for a UHX 12-65). 
The UMX antennas are dual band (3.8 and 6.7 GHz) 
with dual polarisation available on each band. The 4 
ports of the illuminator for this type of antenna are 
arranged to feed into a single illuminating horn, hence 
it is an extremely complicated device. Andrew 
Antennas do not produce a UMX 15-465 antenna as 
a standard product. The company’s Australian branch 
modified illuminators from UMX 12-465 antennas to 
fit 4.6 m diameter reflectors especially for this project. 

Elliptical waveguide types used were Andrews 
EW90, EW63 and EW34. The mounting bars and 
adaptors required to install the antennas on the towers 
were designed and constructed within Telecom 
Australia. 


SYSTEM ALIGNMENT AND TESTING 
External Plant 

Antennas were tested for port to port isolation (> 35 
dB) and return loss (>30 dB). The installation of 
waveguides requires the connection of elliptical to 
rectangular transitions at each end. These transitions 
were tuned to achieve at least 40 dB return loss across 
the relevant frequency band. Return loss measurements 
of the installed waveguide connected to a load and of 
the waveguide connected to the antenna were also 
performed (typical specification of about 30 dB 
depending on waveguide length). 

After the installation of the antennas and 
waveguides associated with a particular hop, the 
antennas were panned in elevation and azimuth for 
maximum signal strength. Optimisation of the XPD was 
then performed by rotation of the illuminator with 
respect to the reflector. XPD of greater than 30 dB was 
required. The achievement of this specification was 
particularly important to reduce the level of 
interference of the digital system into the operational 
analogue system on the overland sections. Swept return 
loss measurements of the antenna systems on the 


overland sections also required caution to avoid 
interference with the analogue system. 


DIGITAL ERROR PERFORMANCE AND 
AVAILABILITY OBJECTIVES 

The figure below summarises the terminology used 
to describe the error performance and availability 
objectives for digital radio systems. 

BER, TS (Total Time), AS (Available Seconds), US 
(Unavailable Seconds), ES (Errored Seconds), EFS (Error 
Free Seconds), SES (Severley Errored Seconds, BER 
>1077), AM (Available Minutes, where BER < 10’), DM 
(Degraded Minutes, where the BER is between 10° 
and 10°). 

A circuit is unavailable if at least one direction of 
transmission has 10 or more consecutive seconds 
where either the BER > 10° or the digital signal is lost. 

CCIR Recommendation 634 specifies error 
performance objectives for real links forming part of 
a high-grade link within an ISDN. The error performance 
objectives for real paths are derived by a subdivision 
of the percentage of time during which the thresholds 
may be exceeded. For a link L km in the range between 
280 and 2500km, the objectives are: 

for SES performance, no more than 0.054 x 
(L/2500)% of any month. 

for DM performance, no more than 0.4 x (L/2500)% 
of any month. 

for ES performance, no more than 0.32 x (L/2500)% 
of any month. 

RBER (Residual Bit Error Ratio) is to be less than 
or equal to 5.0 x 10° x (L/2500). 

The availability objective, is specified in CCIR Rec. 
557 as 99.7% of the time, measured over a period of 
at least one year. The availability objective excludes any 
contribution from the multiplex equipment but includes 
all causes of outages which are statistically predictable 
and unintentional resulting from (a) the radio 
equipment (b) propagation anomalies including 
excessive interference and (c) power supplies and 
human activity. For system design purposes, the total 
0.3% unavailability allowance is equally subdivided 
among the three groups of unavailability causes listed 
above. 

The internal plant equipment was_ initially 
assembled and tested, under Telecom Australia 
oversight, in the NEC Australia factory. All field 
installation alignment and testing was performed by 
Telecom Australia staff. 

A range of minor measurements such as power 
levels, frequencies and typical meter reading were 
performed after installation of the equipment. The IF 
spectrum of the 16 QAM modulators were checked to 
provide a quick indication of satisfactory operation. 
Similarly the output spectrums of the transmitters were 
checked. 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. | 


1988 


50 


LAUNCESTON-MELBOURNE 140/68 MBIT/S MICROWAVE DIGITAL RADIO SYSTEM 


Fig. 5 — An installed UMX 15-465 antenna manufactured by Andrew 
Antennas especially for the long overwater section between Mt Tanner 
and Mt Oberon. 
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Fig. 6 — Feed Horn Detail of an Andrew Antennas Dual Frequency, 
Dual Polarised UMX 12-465 Illuminator 


On the receive side, adjustment of the absolute 
delay difference between each pair of main and 
diversity receivers was required to achieve correct 


combining. Typically the delay difference was adjusted 
to be less than 0.5 nS (nanoseconds). Measurements 
were made to ensure that any spurious signals at the 
IF were sufficiently low (> 60 dB below the carrier). 

Adjustment of the IF to IF group delay and 
amplitude response was also performed for each hop 
of each bearer. Variations across the band of less than 
2 nS group delay and | dB for amplitude were typically 
achieved. The measurements of BER versus received 
signal level were then made. This test provides a rapid 
overall assessment of the performance of the major 
components of one hop of the particular bearer under 
test. If this test fails to meet specification, measurement 
of the receiver noise figure and testing of the 
demodulator by monitoring the BER as signals of 
known carrier to noise ratio are connected, may be 
necessary. Eye diagrams and constellation displays can 
also be used to indicate the overall performance. At 
present the operation of the adaptive amplitude and 
transversal time domain equalisers cannot be 
thoroughly tested. Test instruments which simulate 
multipath fading have been developed and their 
availability for field use is expected in approximately 
one year. 

At the receive side of a switching section, the 
absolute delay between main and protection bearers 
must be adjusted to typically less than 7 nS so that 
elastic buffers associated with the hitless switching have 
sufficient range. The ability of the radio system to cope 
with jitter of the input data stream is also checked. 

On completion of a section, reliability tests lasting 
between 4 and 7 days were conducted. This test simply 
involves monitoring the BER and interruptions. A 
commissioning target for residual BER of | bit in 
error/hour/hop was used. The target for unavailability 
due to propagation conditions is 

0.05L/2500% 
where L is the system length in kilometers. Unavailable 
time begins when either the digital signal is interrupted 
or the BER in each second is greater then 10° for 10 
consecutive seconds. 

Long term (measured over at least one year) 
performance objectives for digital radio systems which 
from part of an Integrated Services Digital Network are 
given in CCIR Recommendations 557 and 594 and are 
based on CCITT Recommendation G821 (4). 


PROJECT DURATION AND RESOURCES 
REQUIRED 


Equipment delivery began late in November 1986 
and construction work started immediately. The last 
major items of equipment were delivered in February 
1987. The Tasmania section, to Mt Oberon, was 
completed early in June 1987 and completion of the 
full system occurred in July 1987. 

The total labour required to install the internal plant 
equipment was approximately 9000 manhours, 
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representing an average of 8 men working for 30 weeks. 
The external plant work required 6000 manhours 
representing an average of 10 men for 16 weeks. The 
Tasmanian section of the project cost a total of $2.2M 
with the total project costing $3.3M. 

One of the more difficult aspects of the project 
revolved around the work required at Mt Tanner on 
Flinders Island. Flinders Island is located in Bass Strait 
which has a notorious reputation for high winds and 
rough seas. Although a shipping service runs between 
Launceston and Flinders Island approximately once per 
week, delays in freighting of the large items of external 
plant equipment such as waveguide drums, 3.6 m 
diameter reflectors and mounting bars required close 
attention to avoid hold ups in the construction work. 
Mt Tanner also required the greatest amount of external 
plant work. Lifting of large antennas such as the 3.6 
and 4.6 m diameter reflectors required totally calm 
weather conditions. The work at Mt Tanner was also 
unusual in that the dual band configuration resulted 
in the necessity for 10 waveguides to be installed. A 
typical microwave repeater site, with space diversity, 
requires only 4 waveguides. The large number of 
waveguides installed at Mt Tanner and Waterhouse (7) 
required the waveguide runways and entry plates to be 
expanded to over twice their normal capacity. In total 
the project required over 2 km of waveguide to be 
installed. 

The internal plant radio equipment for Mt Tanner 
was too delicate to risk shipping from Launceston to 
Flinders Island. Arranging air freight was not as straight 
forward as might be expected. The major airport on 
Flinders Island at Whitemark cannot be used for normal 
air freighters. The only aircraft which were large enough 
to carry the radio racks and sufficiently light to allow 
landing at Whitemark, were DC3s. Two trips for the DC3 
were required. 


Fig. 7 — Mt Tanner Radio Tower showing the Antennas for Both the 
Analogue and the New Digital Radio Systems. 


SUMMARY 

The new digital radio system which provides 68 
Mbit/s capacity between Launceston and Melbourne 
was completed in July 1987. The overland sections 
which provide 140 Mbit/s capacity, are typically running 
error free for periods up to several days. The long 
overwater sections which are subjected to severe 
multipath frequency selective fading utilise a novel dual 
frequency band plus space diversity configuration to 
overcome these problems. The performance of these 
sections since their commissioning in early June 1987 
has been very good. The bearers have been fully 
available with typically less than 10 bits in error per 
day. Much longer term performance monitoring during 
the summer fading season is required to confirm that 
the system is able to meet the full CCIR and CCITT 
specifications. 

Early indications are that the unusual and complex 
techniques used will result in the achievement of 
satisfactory performance despite the exceptionally 
difficult propagation conditions. 
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Fast packet switching for 
integrated networks 


P. Kirton, J. Ellershaw, M. Littlewood 


Fast Packet Switching (FPS) enables voice, video, image and data services to be supported on a single 
broadband network. This gives flexibility to cater for services with very different characteristics 
and to cope with uncertainty in the future traffic mix. FPS networks can be built from highly parallel 
multi-stage switches interconnected by high speed optical fibres thus providing high throughputs 
with low delays. The network protocols blend the characteristics of datagram, virtual-circuit and 
circuit-switched networks. FPS networks can be implemented as an overlay to the narrowband 
Integrated Services Digital Network (ISDN) to provide new services and network growth. This paper 
considers future services and network requirements, the structure of fast packet switched networks 


and integrated network evolution. 


1. INTRODUCTION 

Current developments of the ISDN are leading to 
integrated customer access to separate circuit switched 
and packet switched networks. The circuit switching will 
provide 64 kbit/s circuits, and the packet switching 
access rate will be up to 64 kbit/s. This will cater for 
most of today’s voice and data services. 

CCITT Study Group XVIII is also examining the 
needs of broadband applications such as full motion 
video (about 34 Mbit/s) and high definition television 
(about 135 Mbit/s) and determining the standards 
required for a broadband ISDN utilising optical fibres. 
Standards are required for channel access rates and 
customer interface structures. 

To achieve the benefits of a single access line per 
customer and to be able to take advantage of the high 
transmission bandwidth of optical fibres, customers will 
require integrated access to both narrowband and 
broadband services. 

Originally the ISDN was seen as an integrated 
network as well as a means of providing integrated 
customer access. Due to the wide range of future 
service characteristics, however, network operators will 
be faced with the need to maintain several networks, 
a narrowband 64 kbit/s circuit-switched network, a 
packet-switched signalling network, a packet-switched 
data network and a broadband network. These 
networks do not interwork easily and may come 
together only at the customer interface to enable 
integrated customer access. 

This all seems very complex. Is there a better way? 
We believe fast packet switching and integrated packet 
access holds the key to unifying the above networks 
and providing faster response to changing customer 
needs. We have labelled this combination “Integrated 
Packet Switching’. 

Fast packet networks will have the following 
characteristics: 
® internode links with packet channel rates around 140 


Mbit/s provided by optical fibres with low error rates 

® node processing delays less than | ms 

simple internode protocols 

® selectable error recovery and flow control provided 
on an end-to-end basis 

® expandable, parallel switching structures, based on 
state machines, that permit switch throughputs 
greater than | Gbit/s 

Several papers have proposed fast packet switching 
for integrated services [1-6]. 

In this paper, we consider future services and 
customer access requirements, the uncertainty of future 
service demands, the advantages of integrated packet 
switching, fast packet switch design, FPS network design 
issues and evolution from the currently planned ISDN 
to an integrated FPS network. 


2. FUTURE SERVICES AND CUSTOMER 

ACCESS 

The initial ISDN based on 64 kbit/s circuit switching 
and packet switching access will provide customers with 
good voice and text oriented data applications. It will 
be a significant improvement over current public data 
networks which most commonly provide access rates 
of 9.6 kbit/s. 

The planned ISDN implementations are for 
predominantly voice services. Customer's needs, 
however, are rapidly changing. Future information 
services will have a wide range of average bit rates, 
peak bit rates and call holding times. The 64 kbit/s 
circuit switched ISDN cannot be optimised to meet 
these needs. 

In this section some of the major future services 
and their impact on network requirements are 
considered. 


2.1 Image Data Services 
One of the most significant future services will be 
interactive database access like today’s videotex 


This paper was presented at the 12th International Switching Symposium, Phoenix, USA, March 1987." 
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services. For interactive database services to be widely 
used by the general public, good quality images, 
comparable to those achievable with television and 
current printing technology, will be necessary. This will 
lead to significant growth in electronic distribution of 
sales catalogues, magazines, classified advertising, and 
general reference information such as encyclopaedias. 

For interactive applications, a significant aspect of 
performance is the page retrieval delay experienced 
by the user. For photo videotex, which includes images 
coded at 64 kbyte/page, a one second page retrieval 
delay requires a peak bit rate of 512 kbit/s. Under 
typical videotex use, however, the average transfer rate 
from the database would be only 16 kbit/s, and in the 
reverse direction, less than 10 bit/s. Thus a 64 kbit/s 
circuit switched service will be inadequate to meet the 
delay requirements while a 8 x 64 kbit/s circuit switched 
service would be very inefficient due to the low average 
utilization and large imbalance between the information 
rates in each direction. 

Electronic mail, facsimile and file transfer also have 
the majority of information travelling in one direction 
with only brief control messages in the reverse 
direction. Information transfer times vary from less than 
a second to greater than an hour depending on the 
quantity of information and the bit rate. At 64 kbit/s 
a 1000 word message (about 2 pages) can be 
transferred in one second, but a 10 page image 
document could take a minute. 

To give customers adequate performance for image 
services, access lines with bit rates significantly higher 
than 64 kbit/s will be required. If higher speed customer 
access is introduced, customers will still want access 
to existing narrowband services. Customers will also 
like the freedom to control how they share their access 
bandwidth between different applications rather than 
have this predetermined by an interface channel 
structure such as the 2B+D ISDN interface. Packet 
access will enable new applications to be readily 
accommodated and will give customers greater 
flexibility to cope with changes in their service 
requirements. 

A packet customer access protocol meets these 
requirements over a wide range of line rates. Provided 
the user can select optional error control and flow 
control, interworking with existing services and 
terminals at different rates can easily be 
accommodated. This is not readily achieved with circuit 
switching. 


2.2 Voice Services 

Developments in voice encoding are such that the 
difference in quality between 16 kbit/s and 64 kbit/s is 
almost imperceptible. The CCITT has already 
standardised 32 kbit/s voice encoding and is now 
considering standards for 16 kbit/s voice. Low bit/rate 
voice has economic advantages, particularly for mobile 


services, long distance services and voice storage 
services such as voice mail. Thus we can expect a 
mixture of voice bit rates in the network. Also, voice 
is only 40% active on average. Packet switching can 
efficiently switch a mixture of voice bit rates and take 
advantage of the silence intervals. 

The high delays and low throughputs of traditional 
packet networks have made them unsuitable for voice, 
which requires less than 100 ms end-to-end delay [7]. 
FPS networks, however, will satisfy the delay 
requirements of voice. 

Traditional packet network internode protocols and 
customer access protocols are complex (like CCITT 
X.25) as they provide error recovery from corrupted 
or lost packets, ensure correct packet sequences and 
provide flow control between switch nodes. These 
characteristics lead to high node processing delays. Fast 
packet networks will have simple internode protocols 
that basically provide information for routing packets 
and so require little processing. This is possible 
because of the design of fast packet switches (discussed 
further in Section 4) and because transmission will 
increasingly utilise low error-rate optical fibres. 
Consequently, flow control and error recovery can be 
performed end-to-end between customers’ terminals, 
or edge-to-edge between network interfaces rather than 
on a link-by-link basis. Applications such as voice that 
do not require error recovery need not select it. Voice 
is tolerant of at least 0.5% packet loss. 

Internode transmission link speeds in traditional 
packet networks are generally no more than 64 kbit/s. 
FPS will use high bandwidth internode links that will 
greatly reduce queueing delays. For example, at 64 
kbit/s a 128-octet packet takes 16 ms to transmit, but 
at 150 Mbit/s it takes only 7 microseconds. 

Traditional packet switches can provide throughputs 
of 50 Mbit/s which are adequate for only 800 erlang 
of voice traffic (assuming 32 kbit/s encoding). Fast 
packet switches can provide throughputs greater than 
1 Gbit/s and hence can support more than 20,000 
erlang of voice traffic which is sufficient for most 
exchanges. Thus FPS with its low delays and high 
throughputs will be suitable for voice. 


2.3 Video Services 

Video applications require high bit rates and may 
be bursty as only picture changes need to be 
transmitted. Video conferencing requires rates from 64 
kbit/s up to 5 Mbit/s, commercial quality full motion 
video is likely to require about 34 Mbit/s, and high 
definition television about 135 Mbit/s. Further work is 
still required to achieve these rates. 

Fast packet switching will also be suitable for video 
applications. Switches have been implemented with 
channel rates of 280 Mbit/s [5]. Also, packet copying 
techniques can be used to provide broadcast functions 
[8]. 
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3. FUTURE NETWORK REQUIREMENTS 
One of the main problems facing network operators 
is uncertainty about the type of and demand for new 
services and the traffic mix of services at particular 
times. This contrasts with current forecasting 
procedures for voice services which are based on 
proven techniques and operational experience. 

The effect of this uncertainty can be minimised by 
sharing the network resources across different services 
so that only errors in the estimates of the total traffic 
levels, and not in the traffic mix, are of concern. Also, 
traffic peaks often occur at different times for different 
services. As networks are dimensioned for a given 
service quality during busy hours, less total network 
capacity is required for a multi-service network. 

A network that is designed to cater for the 
maximum range of services will be able to provide 
faster response to new service requirements and 
changing customer demand for services. We have 
already noted, however, that circuit switching does not 
have the appropriate characteristics for future 
interactive image services. FPS is more suited to 
providing an integrated network. Packet switching 
provides maximum flexibility in the sharing of 
bandwidth between services requiring different bit 
rates. FPS can meet the delay requirments of voice. 
Priority schemes can be used to give different delay 
classes for signalling and voice. Different error control 
levels can be provided using end-to-end error control 
as required by individual applications. Thus the 
required network flexibility can be provided using FPS. 

Switched networks are dimensioned for a given 
quality of service during busy hours. During off-peak 
times circuit switched services require the same 
bandwidth as at peak times. The only performance 
advantage for the customer to use the service off-peak 
is a reduced call blocking probability. There may also 
be a reduced tariff. In the case of packet switched 
networks, customers can be given a higher quality of 
service off-peak with increased throughput and 
reduced delay. Thus there is an added incentive for 
customers to shift their usage to off-peak times. 

During times of reduced network capacity, such as 
a disaster, or during times of abnormally high demand, 
such as Christmas Day, packet switched networks will 
allow network operators, at their discretion, to accept 
more voice calls at the expense of degraded call quality 
(increased packet loss due to increased delay). 

While the major network advantages of an 
integrated network based on FPS are clear, the ultimate 
factor determining what systems network operators 
implement, is cost. FPS seems likely to be competitive 
in the mid 1990s. 


4. FAST PACKET SWITCH DESIGN 
FPS requires high throughput, low delay switches. 
Switch technologies and architectures must be found 


that will make such a network viable. Reduced switch 
costs, more efficient use of transmission resources and 
simpler network control are sought. 


4.1 Multi-stage Interconnection 
Networks 

Traditional packet switches are generally 
implemented using multiple general-purpose software- 
controlled processors sharing a common 
communication path as shown in Figure 1. The common 
communication path forms a bottleneck in the switch 
block that limits switch throughputs. Current 
architectures can provide 50 Mbit/s throughput [9]. 


Line Unit Line Unit Line Unit 
y 


Line Unit Line Unit 


Fig. | — Traditional Shared Bus Packet Switched Architecture 


Fast packet switch blocks will be based on multi- 
stage interconnection networks (MINs)|10] that are 
expandable, highly parallel and pipelined matrices of 
2 x 2 switching elements, which either switch or pass 
packets through according to the bit pattern in the 
packet header and the element's function in the MIN. 
MINs can provide multi-Gigabit/s throughputs with sub- 
millisecond delays. An example of an 8 x 8 MIN is 
shown in Figure 2. 
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Fig. 2 — An 8 x 8 Multistage Interconnection Network 


The high delays of current packet switches are due 
to the general-purpose software-controlled processors 
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used to process the complex X.25-like protocols. 
Switches based on MINs support simple self-routing 
datagram protocols, without error handling and flow 
control facilities. 


4.2 Contention in MINs 

Contention occurs when two or more packets 
simultaneously require access to the same resource. 
It will occur in any statistical system. Packet delay and 
perhaps loss result from contention for either internal 
switch paths or external links. The manner in which 
contention is handled is an important criteria for the 
selection of a switch block architecture. 

Packet loss in Banyan network architectures [11] 
(similar to Figure 2) is reduced using buffering at each 
switch element. The Starlite architecture [8] sorts 
packets in order of destination address, using a sorting 
MIN |12] to optimally avoid internal link contention, and 
recirculates packets that unsuccessfully contend for 
external links. Consequently, it can use simple, 
bufferless switch elements which can operate at high 
bit rates. Buffering is only required at the input and 
output ports. The Starlite architecture provides high bit 
rate channels and, more importantly, switch paths to 
different output ports do not contend for resources. 
These are desirable characteristics for future-proof 
public network switches. 

Other techniques for handling contention for 
external links are also applicable to the Starlite 
architecture. For instance, contention in a stage can be 
reduced by lowering the utilisation of paths within the 
stage. This can be done by increasing the speed of the 
stage [2], by providing more internal paths, or by 
limiting the traffic offered. Packet loss in a stage can 
be reduced by buffering all packets until transmission 
from the stage is successful. We are currently 
investigating the relative advantages of these alternative 
approaches. 

The impact of packet loss and delay caused by 
contention can be reduced using priority schemes 
which consider the real-time requirements of services 
and their susceptibility to packet loss. 


4.3 Switch Channel Bandwidth 

Paths through the switch are called switch channels. 
Ideally, one switch channel should be able to support 
any commonly used service. 

CMOS integrated circuit technology is expected to 
provide the 140 Mbit/s speed necessary for high 
definition television (HDTV). We have built an 
experimental 40 Mbit/s per channel switch based on 
the Starlite architecture using Fast TTL, and have 
demonstrated simultaneous packet switched video at 
34 Mbit/s and voice at 64 kbitis. 


5. FPS NETWORK ARCHITECTURE 


In this section we discuss possible architectures for 
future FPS networks. We raise several issues relevant 


to information transfer, call set-up and congestion 
control. 


5.1 Information Transfer 

It has already been noted that the switches 
themselves use self routing datagrams internally. The 
internode links, however, can use a variety of protocols. 
Either simple virtual circuits or self routing datagrams 
will be used. At this point it is necessary to clarify the 
difference between traditional datagrams, self routing 
datagrams, simple virtual circuits and traditional virtual 
circuits. 

Traditional datagrams have a complete 
destination address in each packet header. Routing 
information is required in each node, but there is no 
call-state information. Datagrams belonging to the same 
information stream do not necessarily follow the same 
route, 

Self routing datagrams have the route encoded 
in the header. Each node simply examines the next step 
in the route. Again, there is no call-state information 
in the switch nodes. The route can be selected at call 
set-up so that subsequent datagrams follow the same 
route, thus preserving packet sequence. 

Simple virtual circuits use different logical 
channel numbers on each link. Call-state information 
is stored in the nodes at call set-up to enable logical- 
channel-to-route translation. No error recovery or flow 
control is provided within the network. Packets can be 
lost due to contention or errors (error detection may 
be provided to prevent routing errors) but packets 
remain in sequence. 

Traditional virtual circuits are similar to simple 
virtual circuits, but error recovery and flow control are 
provided within the network. 
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Fig. 3 — Fast Packet Switched Network Architecture 


Figure 3 illustrates a possible FPS network 
architecture. The FPS nodes are divided into regions. 
Within a region, nodes are interconnected by self 
routing datagram protocols. Inter-region links use 
simple virtual circuit protocols. The self routing 
datagram protocols extend the internal switch routing 
scheme to the region. Thus a region can be considered 
as a distributed switch. Call state information is located 
only at the edges of the region in the simple virtual 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. | 


1988 


56 


FAST PACKET SWITCHING FOR INTEGRATED NETWORKS 


circuit interfaces to other regions. There is no call state 
information in the internal part of the region, which 
should simplify call set-up and clearing. This is a 
conceptual model. In reality, a region could be a single 
node or it could be an entire network. As the number 
of switching stages on a path through a region 
increases, the packet header size must increase and 
therefore the packet overhead. Thus this scheme 
cannot be expanded indefinitely. The simple virtual 
circuit approach allows logical channel numbers to be 
reused on successive links and thus is readily 
expanded. 

We consider a virtual circuit protocol to be the most 
appropriate for customer interfaces as it is undesirable 
to give customers access to what is effectively source 
routing information. Also, the customer interface may 
require traditional virtual circuit features such as flow 
control and error control. For similar reasons we also 
prefer a virtual circuit protocol for interfaces to 
networks managed by other organisations. 


5.2 Call Set-up 

Call set-up involves the selection of a route through 
the network and of logical channel numbers at each 
of the virtual circuit interfaces. In today’s circuit and 
packet switches this is done sequentially by call set-up 
processors at each of the switch nodes along the 
selected route. In both cases, call state information must 
be maintained in each switch node. In the case of the 
self routing FPS regions there is no state information 
in intermediate switch nodes and so it is possible to 
use a centralised route server to allocate the complete 
path through the region. This should reduce call set- 
up delay. The route server could rapidly make 
alternative routing decisions because information on 
the utilisation of all links in the region would be 
provided periodically by the nodes. Route servers could 
be remote from switch nodes or replicated servers 
could be attached to each node. Alternatively, this 
approach could be used for part of a region or tradional 
node-by-node call set-up could be used. 

The reduction of call set-up delay can be achieved 
by separating the route allocation processors from the 
routing table maintenance processors. The routing table 
maintenance processors receive network status 
information and maintain a dynamic regional routing 
table. 

The route allocation processors access the region 
routing table for the optimum route given the region 
entry point, the destination address and the throughput 
requirement. In the case of voice and video the average 
throughput requirements are fairly well defined, but for 
interactive data it is more difficult to predict. For this 
reason available network capacity should be monitored 
dynamically. 

Route servers in adjacent regions would 
communicate with each other to sequentially establish 


a route. Thus call request messages may well follow a 
different route from that established for user 
information transfer. This resembles the common 
channel signalling approach being adopted for circuit 
switched networks. In the case of FPS networks, 
however, the same physical network is used for 
signalling information and user information transfer. 

Another similarity to a present trend in circuit 
switched networks is the greater separation of network 
and call control from switching and transmission 
functions. In circuit switched networks intelligent 
common channel signalling allows software defined 
networks in which customers can configure some of 
their own routing information. Also, customer 
databases are being moved out of the switching nodes 
with access provided by the common channel signalling 
network. 


5.3 Congestion Control 

Congestion control, which limits the amount of 
packet contention occurring, will be important in FPS 
networks. With self routing datagrams and simple 
virtual circuits there are no facilities for per call 
congestion control. In cases of congestion (insufficient 
buffers or unacceptable packet delay), packets must be 
discarded or bits dropped [13]. The aim of congestion 
control is to predict in advance that congestion is about 
to occur and try to reduce the packet input rate of the 
sources using the congested route. In FPS networks 
packet headers may only contain destination address 
information. Thus congestion indications may need to 
be sent to the destination network interface which can 
send flow control messages to the source network 
interface for appropriate action. 

In an integrated service environment the 
appropriate action will depend on the service. Data 
services can usually slow down significantly, but need 
to retransmit discarded packets. Voice and video 
services can cope with a reduction in their bit rate if 
appropriate coding schemes are used, but are tolerant 
of some packet loss. Thus a mixture of selective packet 
loss and source quenching will be appropriate. 

The packet headers will need to contain fields to 
indicate priority for discarding packets and to indicate 
network congestion. The network nodes can indicate 
that congestion is about to occur by setting a 
congestion indication bit in the packet headers of all 
packets passing through. The action taken will be 
service dependent and will be implemented at the 
network interfaces, thus minimising the complexity of 
switch nodes, but still allowing control by the network 
operator. 


6. INTEGRATED NETWORK 
EVOLUTION 

The advantages of integrated packet switching, both 
for the customer and for the network operator, make 
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its rapid introduction desirable. This presents problems 
because telephone networks use circuit switching 
universally and because existing customer access 
protocols are unable to handle integrated packet 
access. Modification of both networks and protocols 
requires significant time and planning. CCITT Study 
Group XVIII is considering integrated packet access 
protocols for a broadband ISDN that will use optical 
fibres and be capable of supporting full motion video. 
Demand for new broadband services will be a driving 
force behind the introduction of FPS networks. 

To provide broadband services, it will be necessary 
to use fast packet switches to form the nucleus of an 
integrated packed switched network which can initially 
be implemented as an overlay to the existing networks. 
This is shown in Figure 4. Fast packet switches could 
directly support packet voice and could also take the 
growth in both the packet data network as well as in 
the normal telephone network. 


BATR (DATA) 


PSX 


Integrated 
1 packet ccess 


PSX - Packet Switched Exchange CSSN - Common Channel Signalling Node 


Fig. 4 — Initial Fast Packet Switched Network Overlay of ISDN 


Existing telephone exchanges could connect to the 
fast packet switch through 2 Mbit/s PCM packet voice 
encoders, which would assemble the packets for each 
of the 30 voice channels. This packet voice could then 
be packet switched and transmitted on packet trunk 
lines to a remote network interface where the packet 
disassembly would take place. 

The Common Channel Signalling Network will be 
in widespread use for call control and consequently 
will need to be interfaced to the integrated packet 
network. 


7. STANDARDISATION 


Customer access protocols are required to be able 
to support integrated packet services. CCITT Study 
Group XVIII hope to have initial standards by 1992. 
They are concentrating on an access rate of about 150 
Mbit/s. 

As mentioned earlier, error correction will not be 
necessary for voice packets and should be optional for 
data. To minimise delays for signalling and voice packets 
a priority system may be necessary with signalling 


having priority over voice and voice having priority over 
data. This is the arrangement used by GTE in their burst 
switching system [14]. The present quality-of-service 
facilities within the ISDN customer access protocols 
would have to be enhanced to allow choice of error 
correction. 

Standards are also needed for packet encoding of 
voice at a variety of bit rates. CCITT Study Group XVIII 
is studying this topic. Packet encoding is different from 
present voice encoding techniques in that it need not 
use a constant encoding rate. It is only necessary to 
achieve the desired rate on average while speech is 
occurring. This in periods of significant voice change, 
the instantaneous rate can exceed the nominal rate. 
Also the encoding scheme could allow for speech 
interpolation by creating packets only when speech 
Occurs. 

But considering the large capacities expected for 
fast packet switching networks using optical fibres and 
the large amount of existing 64 kbit/s voice equipment, 
the majority of voice traffic will probably just be 
packetized 64 kbit/s streams, including silence. 

Standards for packet encoding of video signals are 
also needed. Video is also bursty with more data being 
generated when more of the image changes. Present 
video encoding techniques attempt to keep the bit rate 
constant. With packet encoding, the bit rate can exactly 
match the rate necessary, thereby resulting in higher 
quality or lower average bit rates. It is difficult to predict 
what average encoding rates will be used for video, but 
there will probably be conference quality standards at 
rates between 2 and 10 Mbit/s, full motion video 
standards around 34 Mbit/s and high definition 
television standards around 135 Mbit/s. 

Another important area of standardisation is the 
internal internode protocols of integrated packet 
switched networks. There is a need for a standard 
simple virtual circuit internode protocol. Standards for 
call set-up protocols will also be required. 


8. CONCLUSION 


Future services will require a wide range of bit rates. 
Interactive image services in particular will require peak 
bit rates significantly greater than 64 kbit/s but average 
rates very much less than the peak rate. The initial 64 
kbit/s ISDN will be inadequate for such services. A 
broadband network with dynamic bandwidth allocation 
is needed. 

Integrated packet switching will enable voice, video, 
image and data services to be supported on a single 
network with a single access line per customer. This 
will allow maximum flexibility to cater for services with 
very different characteristics and to cope with 
uncertainty as to the traffic mix of future services. 

In order to cope with a large range of service 
characteristics, FPS networks may use a mixture of self 
routing datagram and simple virtual circuit protocols 
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internally. Network access protocols will use virtual 
circuits with selective error recovery and flow control 
facilities provided between network edges. 

FPS networks can be implemented as an overlay 
to provide new services and network growth. 

Appropriate standards are required as early as 
possible if network operators and customers are to be 
able to take advantage of integrated packet switching. 
In particular, standards are required for packet voice 
and video encoding, customer access protocols and 
internal integrated packet network protocols. 
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THE NEW TELECOM NETWORK MANAGEMENT 
CENTRE IN VICTORIA: F A. Coates, Telecom. 
Journal of Aust., Vol. 38, No. 1, Page 3 

Incidences of heavy traffic overloads in the network 
are becoming more prevalent and serious as the 
network grows in size and complexity. In the early 
1980s it was recognised that managing the network as 
a single entity was important in improving the network's 
survivability under conditions of plant failure and/or 
traffic overloads. An essential component of this new 
philosophy is the centralisation of network data 
pertaining to performance in real-time and the ability 
to mobilise resources to correct network problems. A 
new Network Management Centre has been developed 
as the focal point for these activities in Victoria. 


NETWORK TRAFFIC MANAGEMENT IN TELECOM 
AUSTRALIA: J. L. Seamons MIEAust., Telecom. 
Journal of Aust., Vol. 38, No. 1, Page 15 

During periods when a_ telecommunications 
network is under stress due to overload conditions, 
Network Traffic Management (NTM) techniques can be 
employed to ensure optimum call carrying capacity, 
thus providing a better grade of service to the 
customer, as well as providing a better return on the 
capital investment of the network infrastructure of the 
Telecommunications Administration. Telecom Australia 
began to introduce NTM facilities into their network 
in 1985. This article provides an overview of what NTM 
is, how the techniques of NTM can be applied, and how 
Telecom Australia has addressed the problem of 
introducing NTM into a network consisting of analogue 
(both SPC and electromechanical) and digital telephone 
exchanges. 


THE APPLICATION OF EXPERT SYSTEMS TO 
NETWORK TRAFFIC MANAGEMENT IN TELECOM 
AUSTRALIA: §, Jimenez, Telecom. Journal of Aust., 
Vol. 38, No. 1, Page 25 

Network traffic management is a relatively new area 
of telecommunications which aims to reduce the effect 
of network overloads and communications equipment 
failure on the performance of the network. Network 
Management centres have been set up in all major 
Australian capital cities to enable this. There have been, 
however, several problems with the implementation. 
One being the large quantity of information about the 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. | 


network which must be acquired and presented to the 
network managers for real-time operation. The 
managers must absorb all this information and make 
on the spot decisions about how to control network 
resources. Another problem which arises, because of 
the infrequency and unpredictability of the network 
overloads, is the difficulty of developing and testing 
these network management strategies. As a result it has 
been considered that the automation of network 
management and in particular the use of expert 
systems may provide solutions to some of these 
problems. This paper provides some explanation of 
why network traffic management is required. It 
describes the network management control strategies 
which are currently implemented and discusses how 
expert systems can be used to aid in the 
implementation of network traffic management. A 
prototype expert system, which has been built for the 
New South Wales’ network management centre, is 
outlined. The performance of this expert system is 
evaluated and the future use of expert systems for this 
purposes is discussed. 


TELECOMMUNICATIONS IN THE PACIFIC BASIN: 
G.L. Crew, Managing Director, Cable & Wireless 
(Hong Kong) Ltd., Telecom. Journal of Aust., Vol. 38, 
No. I, Page 35 

The Pacific Basin is becoming the new engine of 
international commerce, taking over from the Atlantic 
region. This decade the value of trade goods passing 
across the Pacific has exceeded the value of goods 
crossing the Atlantic, and the rate of growth is strongly 
in favour of the Pacific. Countries bordering the Pacific 
exercise the major influence on global affairs. The U.S. 
and Russia are the world’s super-powers, and some 
time in the next Century China will also justify this title. 


LAUNCESTON — MELBOURNE 140/68 MBIT/S 
MICROWAVE DIGITAL RADIO SYSTEM: G.B. 
Johnston, L. Davey, Telecom. Journal of Aust., Vol. 
38, No. I, Page 45 

This article summarises the design development, 
construction and testing of a practical high capacity 
digital radio system operating via extremely long 
overwater paths across Bass Strait. To achieve 
satisfactory performance in such difficult propagation 
conditions required an unusual and complex approach 
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incorporating two different adaptive equaliser 
techniques and dual frequency band operation each 
with space diversity receivers. 


FAST PACKET SWITCHING FOR INTEGRATED 
NETWORKS: P. Kirton, J. Ellershaw, M. Littlewood, 
Telecom. Journal of Aust., Vol. 38, No. 1, Page 55 

Fast Packet Switching (FPS) enables voice, video, 
image and data services to be supported on a single 
broadband network. This gives flexibility to cater for 
services with very different characteristics and to cope 
with uncertainty in the future traffic mix. FPS networks 
can be built from highly parallel multi-stage switches 
interconnected by high speed optical fibres thus 
providing high throughputs with low delays. The 
network protocols blend the characteristics of 
datagram, virtual-circuit and circuit-switched networks. 
FPS networks can be implemented as an overlay to the 
narrowband Integrated Services Digital Network (ISDN) 
to provide new services and network growth. This paper 
considers future services and network requirements, 
the structure of fast packet switched networks and 
integrated network evolution. 


EXPO INFO, WORLD EXPO 88, (Telecom Australia’s 
Interactive Information System), Telecom. Journal 
of Aust., Vol. 38, No. 1, Page 63 

1988 is the bicentenary of European settlement in 
Australia. As part of the celebrations of this bicentenary, 
Australia will host a World Exposition in Brisbane. This 
paper describes the electronic information system to 
be provided and operated by Telecom Australia at 
World Expo 88. 


SEAS NO LONGER DIVIDE, PART I: A. Tulip, 
Telecom. Journal of Aust., Vol. 38, No. 1, Page 69 
Ideas on a Tasmanian contribution to the 
Bicentennial Celebrations crystallized early in 1984 
when it was decided to prepare a document detailing 
some major engineering project which had contributed 
significantly to our telecommunications development. 
The original concept was to tell the complete story of 
the submarine telephone cable which joined Victoria 
with Tasmania in 1935, for, although various aspects 
of the cable saga had been described in a number of 
technical journals, a comprehensive work was not 
available. Ensuing research showed that attempts to 
provide a ‘speech bridge’ across the water were not 
confined to the 1930s, but originated from technical 
advances during the bitter years of World War I. 


A TUTORIAL ON ISDN CUSTOMER CALL 
CONTROL, PART 1: P. Mikelaitis, Telecom. Journal 
of Aust., Vol. 38, No. 1, Page 75 
To be in a position to fully exploit the service 

potential offered by an Integrated Services Digital 
Network (ISDN), it is necessary to understand the type 
and extent of call control capabilities that will be 
offered to the ISDN customer. From a 
telecommunication user's perspective, the ISDN is 
characterized by the user communications capabilities 
and associated call control procedures available at the 
ISDN user-network interface. For the Basic interface and 
Primary Rate interfaces this capability is represented 
by the combined resources of the B-and D-channels, 
whilst the call control (signalling) procedures form part 
of the D-channel protocol hierarchy (layer 3) defined 
by CCITT (1984). At the ISDN user-network interface 
the D-channel customer access signalling protocol 
provides the ISDN user with the ability to control user 
communications not only for call set up and clear down, 
but also for service invocation and change during the 
course of a call. To provide the reader with a full 
appreciation of the ISDN call control capabilities 
supported by the D-channel, this paper first develops 
a global ISDN communication framework, and then 
draws the reader's attention (in a series of steps) from 
the global “network” overview down to layer 3 of the 
D-channel protocol hierarchy. During the process the 
reader will become aware of how this fits into, and 
relates to other components of, an ISDN. Specific topics 
include; 

@ the rationale behind stimulus and functional 

modes of operation for ISDN terminals, 
® signalling for call set up, service invocation and 
call cleardown. 

The second part builds upon the signalling background 
introduced in the first by providing detailed information 
on the layer 3 signalling message structure. Included, 
is a discussion on the uses of all of the information 
elements defined by CCITT (in 1984) for layer 3 D- 
channel signalling. 


THE ITERRA NETWORK SERVICE: R.N. Dunne, 
Telecom. Journal of Aust., Vol. 38, No. 1, Page 95 

Telecom entered the satellite age in January 1986 
when the Iterra Network Service was commissioned. 
Since that time the service has grown and interest in 
it is widespread, particularly throughout the mining and 
mineral exploration industries. Interest from key 
Departments in both State and Federal Governments 
has also been noticed. This paper describes the INS 
from an operational viewpoint with particular emphasis 
on its place as a premium service offered by Telecom 
Australia. 
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PROBE SOFTWARE 
TELEPHONE INFORMATION MANAGEMENT SYSTEM 


A powerful new Telephone Information Management System based on personal computer software, 
which can be used with any IBM PC or compatible is revolutionizing this segment 
of the communications market. 


The PROBE system has more power and features than traditional systems costing many thousands 
of dollars. The basic system is very flexible working on either floppy or hard disk based 
Personal Computers. 


Budgets for Departments 
Company Summary 
Department Summary 
Extension by Departments 
Client or Project Calls 
Data Base Query 

Local Calls 


Directory 

Extension Usage 

Traffic Reports 

STD Reports 

Top Ten Usage 

ISD Reports 

Period and Year to Date Reports 


+ + + + H HF 


The PROBE software uses only part of the PC’s capacity leaving it free for other activities 
such as word processing or spreadsheets. 


For further information contact: HITRAD INTERNATIONAL 
814 ELIZABETH STREET, 
WATERLOO, 2017, N.S.W. 
TEL: (02) 698 5028 


Expo info — World Expo 88 
(Telecom Australia’s Interactive Information System) 


J. Clarke 


1988 is the bicentenary of European settlement in Australia. As part of the celebrations of this 
bicentenary, Australia will host a World Exposition in Brisbane. This paper describes the electronic 
information system to be provided and operated by Telecom Australia at World Expo 88. 


INTRODUCTION 


For the first time since 1888 a world exposition will 
be staged in Australia. Some eight million visits are 
expected to World Expo 88 to be held in Brisbane from 
April 30 to October 30, 1988. This spectacular event 
will be open to the public between the hours of 10am 
and 10 pm Sunday to Saturday. 

At World Expositions recently held in Tsukuba 
(Japan) and Vancouver (Canada) visitors obtained 
information relevant to the event by means of highly 
successful, interactive electronic information systems. 
These systems stored large volumes of information and 
their ease of operation by untrained users has 
accounted for them becoming popular features of 
modern Expositions. 

Telecom Australia, in partnership with the World 
Expo 88 Authority, is providing a state-of-the-art system 
to be known as EXPO INFO. The intention of EXPO 
INFO is to provide visitors with a “user friendly’ 
information system which is in keeping with the World 
Expo 88 theme of “Leisure in the Age of Technology’. 
EXPO INFO will integrate data base text and graphics 
with high quality video. Visitors will retrieve the 
information by simply touching the screen of a terminal. 
The database text and graphics will be compiled from 
information supplied by the Authority, while the video 
material will be supplied by Telecom, the Authority and 
Participants in World Expo 88. 


WHAT IS AN EXPO 


An Expo is a world fair — a unique gathering of 
nations brought together to review man’s achievements 
through a myriad of exhibitions and performances. It 
is an opportunity for nations to gather in one country 
and participate in a cultural and technological exchange 
of world ideas. Its purpose is to review and predict 
man’s cultural and technological evolution. 

Unlike a trade fair, exhibitors at an Expo, whether 
corporations or nations, do not sell their goods and 
services. Instead, they exhibit or demonstrate their 
capabilities in an exciting way that blends in with the 
Exposition’s particular theme. It may be of interest to 
note that themes for previous Expositions have 
included telecommunications. 


HISTORY OF WORLD EXPOSITIONS 
World Expositions are part of an international 
tradition which began with the London Exposition in 
1851. The Exposition was the first to be held on a grand 
scale, with 25 countries participating. It was then that 
Queen Victoria began the tradition of issuing invitations 
to participate through diplomatic channels. Since then 
there have been 21 World Expositions hosted in cities 
all over the world. Refer Table 1. 


TABLE I — MAJOR EXPOSITIONS 


DATE PLACE THEME!TITLE ATTENDANCE 
851 London The Crystal Palace-telegraph, 
sewing machines 6,039,195 
867 Paris Aluminium and natural gas 
heat cultural emphasis 6,805,969 
876 Philadelphia The Telephone — mass 
production 9,910,966 
878 Paris The Statue of Liberty — the 
automobile — phonograph 
— refrigerator 19,032,725 
879 Sydney Sydney International 
Exhibition 1,117,536 
880 elbourne International Exhibition 1,330,297 
888 elbourne — Centennial International 
Exhibition 2,033,593 
889 Paris The Eiffel Tower 32,350,297 
904 St Louis The Airship — automatic 
telephone switching 19,694,855 
915 San Fransisco Panama Canal 18,876,438 
937 Paris Modern achitecture 34,000,000 
939 ew York Tape recorder — television 
nylon and plastics 44,932,978 
958 Brussels Sputnik — automics — 
helicopter 41,454,412 
962 Seattle Space needle — monorail 9,609,969 
967 Montreal Habitat 67 — city of the 
future 50,860,801 
970 Osaka Progress and Harmony for 
Mankind 64,218,770 
974 Spokane The Environment 5,100,000 
975 Okinawa The Sea 3,500,000 
982 Knoxville Energy Turns the World 11,127,786 
984 New Orleans The World of Rivers — Fresh 
Water as a Source of Life 12,000,000 
985. Tsukuba Dwellings and Surroundings: 
Science Technology for Man 
at Home 20,000,000 
1986 Vancouver Transport 22,000,000 


CONTROL OF EXPOSITIONS 

World Expositions are controlled by the 
International Bureau of Expositions (BIE) under a 
convention signed in Paris in 1928. 
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The BIE determines where Expositions are held and 
lays down protocol for their conduct. This protocol is 
the guideline for development of Expo programmes. 

An Exposition under the auspices of the BIE can 
only be initiated by a nation. 

An organising country must apply to the BIE for 
approval to hold an Exposition and approval can only 
be given to a nation, not to a State or City. 


EXPO INFO SYSTEM OVERVIEW 

EXPO INFO is a computer-based, visitor operated, 
electronic, interactive, information system. Fifty-six 
Public Information Terminals (PITs) installed in eight 
specially designed Kiosks, will enable visitors to access 
the information. The Kiosks will be strategically located 
throughout the World Expo 88 Site. Special 
consideration will be given to the design of the PIT to 
meet the needs of handicapped persons. Textual and 
high resolution graphical information will be stored on 
the database. A videodisc player will replay television 
images (still and motion sequences) from a videodisc 
under the control of the visitor. A Videodisc is similar 
in appearance to a Compact Disc except that it is larger 
at 300mm diameter. It has the capacity to store 54000 
still frames or 36 minutes of motion video and two 
separate audio tracks. The system will satisfy an Expo 


Authority requirement to reproduce text and audio in 
both English and Japanese. 

Updating and management of the data base will 
be performed by specially trained operators from Basic 
Information Terminals (BITs). Updated data will be 
transferred to a Master Information Terminal (MIT) for 
subsequent downloading to the PITs. Refer Figure | — 
EXPO INFO Block Diagram. 


INFORMATION CONTENT 

It is expected that some 3000 individual screens 
of information will be available to the visitor of which 
up to 1000 will be provided in Japanese. 

The majority of information will relate directly to 
on-site Expo activities, services and the facilities 
available to the visitor. Examples of the information to 
be provided include: 


Pavilions 

How to locate the pavilions of some sixty 
international and corporate participants. Details of their 
exhibits, restaurants, shops and special events will be 
available. 


Food and Drink 
Outlet description, items for sale, trading hours and 
seating capacity. 


MIT 2 
(Standby) 


BIT Basic Information Terminal 
MIT Master Information Terminal 
PIT Public Information Terminal 


KIOSK 1 


KIOSK 8 


Fig. | — Expo Info Block Diagram. 
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TODAY”: 
UPDATES 


On-site Entertainment 

Entertainment at the River Stage, Water Ski Stage, 
Amphitheatre, Pacific Lagoon, Aquacade, Piazza and 
the Brisbane River. 


Visitor Services 
Bank, Chapel, First Aid, Information Centres, 
Restrooms, Rentals, and Telephones. 


Transport 

Monorail, Train, Bus, Ferry, Taxi and Seaplane. 
Tourism 

Details of tourist locations in Brisbane, Queensland 


and Australia. 
The main menu which includes the areas to touch 
for selections, is shown in Figure 2. 


Viewed from the user's perspective, the system 
comprises a number of identical PITs. These units, 
although commonly clustered in Kiosks, are completely 
stand alone. They are connected in a ‘star’ 
configuration to the MIT which has the primary purpose 
of providing periodic updates to the data base held 
at each individual PIT. The MIT also performs the 
secondary function of collecting statistical information 


Fig. 2 — Main Index 


from the PITs through periodic polling. An operator's 
console and hard-copy log displays the location of any 
PIT which is not fully operational. 

Data base input and maintenance is performed on 

Basic Information Terminals. As with the PITs, these are 
stand-alone units, connected star fashion to the MIT. 
System reliability is ensured by the capability of each 
terminal in the system to continue operation in the 
absence of any other, ie. a failure of one terminal will 
not prevent the system from performing its design goal 
of providing information to the public. Multiple 
redundancy at all functional levels is completed by the 
provision of a stand-by MIT which can be quickly 
configured in by the operational staff in the event of 
a failure in the primary unit. 
Each PIT comprises a Videotex Workstation, 
Touchscreen, Hard Disk Drive and Videodisc Player. A 
BIT consists of a Videotex Workstation, Keyboard, Hard 
Disk Drive, Frame Creation Unit and Printer. One of the 
four BITs will be equipped with a Camera/Digitising Unit 
and Graphics Pad. 


The Basic Information Terminal is used for entry and 
maintenance of the data base and the videodisc contro! 
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Terminal Modules 


ELEVATION-A KIOSK 


ELEVATION-B KIOSK 


Terminal Modules 


Fig. 3 — Kiosk 


commands. 

The operator is able to input to the system from 
three devices. These are an ASCII keyboard, a graphic 
Bit-Tablet fitted with a Cross-Hair style “Puck” and an 
image digitising system comprising a video camera with 
zoom lens connected to a North American Presentation 
Level Protocol Syntax (NAPLPS) frame creation unit. 

Hard copy is provided by a matrix printer for text 
and a high-resolution thermal printer for images. 

The BIT is used to create data base pages of either 
graphic images, text, or a combination of both. The 
graphic images may be created by digitising pictures 
captured by the camera system, by defining basic 
graphic primitives, or by retrieving complex shapes 
from a graphic library. 

Edited or new material is transferred to the MIT via 
an RS-232C port and link operating at 9600 bps, 
asynchronous. 


THE MASTER INFORMATION 
TERMINAL (MIT) 

The Master Information Terminal co-ordinates the 
distribution of new and edited material from the BIT 
to the PITs. As a secondary function, the MIT monitors 
the PIT units for possible failure conditions and logs 
statistics. 

These statistics will allow the operations staff to 


evaluate the usage of the different data base sections. 
As well as providing useful data for future Expositions, 
the statistics represent a subjective vote regarding the 
applicability and viewability of data base material. 


THE PUBLIC INFORMATION TERMINAL 
(PIT) 

From the viewpoint of the Expo visitor, the Public 
Information Terminal is a stand-alone video screen, 
housed in an attractive, ergonomic shell, providing 
virtually instantaneous response to menu selections by 
touching clearly indicated areas of the screen. 

Each PIT will hold a complete copy of the system 
data base on its hard disk. The information on this disk 
is updated via an RS-232C port and asynchronous 9600 
bps link. Updates will be scheduled to take place in 
parallel, once per day. The optimum time for this 
update will be following the daily closure of the Expo 
at 10pm. 

Each PIT will carry a unique ‘address’ to identify 
the Kiosk in which it is located, and its identity within 
that Kiosk. The MIT in its normal polling will be able 
to determine the update status of each PIT. 

The PIT “address” will also be used in data base 
routing to enable each unit to respond to “Where Am 
I?” and “Where Is ?” type questions by selecting 
sections of the data base that show locations relative 
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to individual Kiosks. All fifty-six PITS will have the same 
northerly orientation to assist users to interpret the site 
maps displayed. 

When inactive for a pre-determined period of time, 
the software will revert to the display of attention- 
grabbing video sequences. The reason for this is two- 
fold. Firstly, it reduces the possibility of a visitor walking 
up to a PIT and being confused by the end trail of the 
previous user's enquiry. Secondly, the sequence is 
designed to be eye-catching to encourage a casual 
passer-by to explore the information content. 
Experience at Expo 86 in Vancouver suggests that this 
exploration will frequently be initiated by children; 
adults joining in only after they see how easily the 
system can be driven. 

The key element in the user interface is a SONY 
VTIT20 optical touch screen panel. Consisting of an 
infra-red light source and an array of optical detector 
diodes in a horizontal/vertical matrix of 79x47 spots, 
this unit replaces the Workstation keyboard. Touches 
to the screen are returned as a seven byte serial ASCII 
data string: Sxx;yy CR , a “touch” being defined as a 
contact and withdrawal. This mode of operation 
prevents erroneous output in the event of a foreign 
body adhering to the screen. The detection of an X- 
Axis signal in the absence of a Y-Axis contact or vice 
versa is also ignored, thereby inhibiting output in the 
event of a diode failure, or a foreign body 
contamination within the active area of the touch 
screen. The selection of Infra-Red versus Membrane 
technology was dictated by the frequency of use and 
is seen as providing better resilience to malicious intent. 
A standard keyboard can quickly replace the 
touchscreen for maintenance purposes simply by the 
substitution of the appropriate plug. 

Easy access to all equipment in the PIT housing will 
facilitate swift repair by on-site module change out. The 
unit identity, or ‘address’ will be held on an 
exchangeable floppy diskette, or hardwired into a plug 
readable by the workstation parallel port. 

In operation all equipment will remain powered up 
24 hours a day. To preserve the screen phosphor, a 
black screen will be displayed during periods when the 
Exposition is closed. During these periods, the 
videodisc player motor and diode mirror servo action 
will be inhibited by software commands. 


HARDWARE SELECTION 

A Japanese text message can include any 
combination of Kanji, Katakana, Hiragana and Romaji 
(Romanised Japanese Language) scripts. The EXPO 
INFO specification stiplutated that, while it was 
desirable that the system could support those Kanji 
characters of simpler construction, it would at least be 
capable of presenting Katakana characters. The Sony 
equipment selected is able to generate and represent 
characters from all four scripts. It is desirable that the 


creation of the Japanese script should be neither 
complex nor time consuming to facilitate the daily 
updating of the data base. This is achieved by the Sony 
software which enables all text to be input from the 
standard alpha-numeric keyboard. 


THE SONY VIDEOTEX WORKSTATION 

The Sony KTXI350NF is an integrated videotex 
workstation designed primarily for use in a 
NAPLPS/PRESTEL videotex information system. The 
unit is based on an Intel 8088 microprocessor running 
at 5.73 Mhz and utilises Microsoft MS-DOS 2.11 as the 
operating system. 

Integrated mass storage is provided by dual 
integrated 3.5 inch floppy diskette drives, each of 720 
KByte capacity. An industry standard Small Computer 
Serial Interface (SCSI) allows connection of external 
hard disk units of medium to high capacity. 

The in-built colour monitor is a highly sophisticated, 
versatile unit. Based on a 14 inch, Fine-pitch SONY 
Trinitron CRT with a non-glare dark tinted screen, it is 
able to accept input from a number of devices in 
several formats. Its main features are: 
® Composite or RGB input 
® NTSC, NTSC4.3 or PAL format, Auto-switch 
® 50/60 Hz Frame rate, Auto-switch 
@ 15.0 MHz Video Bandwidth 
® Display resolution 512x210 pixels with 4096 different 
shades 
Inbuilt NAPLPS and ASCII decorders 
® Able to superimpose images, text and graphics 

In addition to the video inputs, the unit has inbuilt 
audio amplifiers, a keyboard/touchscreen input, a 
parallel (Centronics) interface and dual RS-232C serial 
I/O ports capable of operating in the range 75 to 19200 
bps. 


THE SONY VIDEODISC PLAYER 

The Sony LDPI500P Videodisc Player is a PAL-only 
unit designed for external computer control. An 
RS-232C interface capable of operation at 1200, 2400 
and 9600 bps is provided for full external control of 
all seek, play and display modes. The unit will track 
both Constant Angular Velocity (CAV) and Constant 
Linear Velocity (CLV) formatted videodiscs. The EXPO 
INFO requirement to display a significant portion of the 
Videodisc-based material as still images dictates the 
choice of CAV encoding. This limits the total videodisc 
playing time to 36 minutes per side. 


KIOSK DESIGN 

Nhen designing the Expo site, consideration was 
given to aesthetics and functionality. Any structures 
erected by Telecom would be required to adhere to 
stringent building and graphic control codes developed 
by the Authority. To ensure that the structures housing 
the PITs were in accordance with this philosophy, an 
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architect involved in the conceptual design of the site 
was engaged. 

Although an open and inviting structure, the Kiosk 
has been designed to afford protection to users ans 
PITs alike. On the northern side of each Kiosk a wall 
has been included to provide shade at low angles of 
incident sunlight. Figure 3 shows the Kiosk design from 
different aspects. 


CONCLUSION 


In conclusion, it is interesting to note the 
importance that the World Expo 88 Authority is placing 
on EXPO INFO: 

“Essentially we see EXPO INFO as providing an 
information service to our visitors to make their visits 
more enjoyable and more memorable. We see the 
Kiosks with their individual display units as providing 
the visitors with in-depth information in an attractive 
and pleasing manner, with an emphasis upon a 
personal involvement through the use of touch screens. 

Our expectation is that the hi-tech nature of the 


devices will have a great appeal because of their 
outward simplicity. The high quality of the presentations 
on the screens, from the videodiscs with their appealing 
use of movement and colour, and upon the ingenious 
and dramatic use of computer graphics, will attract the 
visitor to the nearest kiosk to plan his movements 
through the Exposition site. 

We do think that it is not possible to provide an 
information service of anything like the depth and 
spread required except by the Use of EXPO INFO’ 


Jim Clarke joined the APO as a Technician-in- 
Training in 1953. He worked as a Technician and 
Senior Technician in various areas and was 
promoted as an Engineer in 1971. In March 1985, 
he was transferred to Expo Project Engineer 
managing the relocation and rearrangement of 
Telecom Plant throughout and near the Expo site. 
At the time of his appointment as the World Expo 
88 Project Manager in August 1986, he was 
Supervising Engineer, External Design (South and 
sawn Section), Brisbane Metropolitan Engineering Region. 
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PART | 
A. Tulip 


Ideas on a Tasmanian contribution to the Bicentennial Celebrations crystallized early in 1984 when 
it was decided to prepare a document detailing some major engineering project which had contributed 
significantly to our telecommunications development. The original concept was to tell the complete 
story of the submarine telephone cable which joined Victoria with Tasmania in 1935, for, although 
various aspects of the cable saga had been described in a number of technical journals, a 
comprehensive work was not available. Ensuing research showed that attempts to provide a “speech 
bridge” across the water were not confined to the 1930s, but originated from technical advances 


during the bitter years of World War I. 


INTRODUCTION 

In this and two succeeding articles, asummary will 
be given of the experimental work performed by 
engineers of the Postmaster-General’s Departrnent to 
provide a voice communication link across Bass Strait 
between Tasmania and the Australian mainland. The 
water barrier had caused endless problems for more 
than fifty years of the island’s recorded history and 
when even today, the capricious temper of the Strait 
often provides a queasy journey for the sea-borne 
traveller in his modern, strongly built ocean transport, 
it requires only a little imagination to picture the fate 
of many small, wooden mail ships which were 
compelled to brave the turbulence of one of the most 
treacherous waterways in the world. 

The magical electric telegraph which, in 1857, 
joined Hobart and Launceston over the first Overland 
Line in the southern hemisphere led to a revolutionary 
quickening in the island’s business and_ social 
intercourse and, within two years, the first of a series 
of submarine cables permitted the dots and dashes of 
Samuel Morse’s code to join Tasmanians with their 
mainland counterparts. When the Darwin-Port Augusta 
line was completed in 1872, Tasmania had telegraph 
connection with the world, and succeeding cables 
which were laid across the sea bed allowed telegraph 
communication to expand even into the 1930s. But at 
a much earlier date, Alexander Graham Bell's telephone 
replaced morse symbols along wires with the human 
voice. There were wires at the bottom of Bass Strait. 
Could not voices travel by that path between Victorians 
and Tasmanians? It was a dream destined to remain 
in abeyance for many years to come, for the technology 
was yet to be discovered. 

At about the turn of the century, a young man 
named Marconi showed that wires were not necessary 
for the transmission of morse symbols, and so 
commenced the era of “wire-less” telegraphy. Was it 
possible that by some further scientific miracle the dots 
and dashes of wireless telegraphy could be replaced 


by a “wireless telephone” which would convey speech 
without wires? The realisation of that dream was 
heralded in 1904 with Fleming’s invention of the 
thermionic valve to which a “grid” was added by De 
Forest. Two years later, a Canadian, Reginald Aubrey 
Fessenden, broadcast the world’s first radio programme 
on Christmas Eve, astounding ship wireless telegraphy 
operators who, instead of receiving dots and dashes, 
picked up his transmission of words and music, and 
by 1910, the world famous tenor Enrico Caruso 
broadcast by radio from the Metropolitan Opera House 
in New York. Words without wires! Surely this was the 
answer to the Tasmanian problem, but there, half a 
world away, the tempo of events was much more 
leisurely. 
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Wireless Telegraphy Aerials East Devonport, 1906. 
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In July 1906, the Marconi Company had successfully 
demonstrated wireless telegraphy between Queenscliff, 
Victoria and East Devonport, Tasmania, but there was 
little official enthusiasm for the new technology. There 
was a submarine cable — and Marconi’s “wire-less’ 
apparatus was expensive! Even the new wireless 
telephony which was widely regarded as the wonder 
of the age apparently received little consideration as 
a means of ending the island's isolation. Then, as with 
other scientific innovations, war brought about many 
refinements. During the 1914-18 conflict, air-borne radio 
transmitters reported the fall of artillery shells, the 
movement of troops, and assisted in the manoeuvering 
of battle fleets, and when peace returned, it seemed 
to be simply a matter of time before those in power 
would concede that the seas could be bridged by radio 
waves and that it was possible that voices could, by 
that medium, traverse Bass Strait. As events were to 
prove, it was, indeed, to be “a matter of time’. 


WIRELESS OVER THE WATER? 

Despite the apparent lack of interest in wireless 
telephony by their political masters, the Post Office 
Engineers were well versed in the latest transmission 
techniques. They had seen the advantages of wireless 
telegraphy and now wireless telephony seemed to offer 
endless opportunities. What, after all, was the point in 
stringing up thousands of miles of wire on a multitude 
of wooden poles if words could be transmitted without 
the use of wire? Many of those who were returning from 
theatres of war on the western front and elsewhere had 
first-hand knowledge of the new technique and former 
Air Corps Lieutenant Jim Malone of the Departmental 
Radio Section in Melbourne persuaded Secretary 
Charles E. Bright to experiment with two borrowed 
aircraft wireless-telephone transmitters. Results were 
encouraging. Clarity of reception up to 40 miles distant 
depended upon the efficiency of the amateur receiving 
apparatus, but as was stressed by Chief Electrical 
Engineer Frederick Golding, the tests showed that while 
radio telephony was practicable, commercial utilisation 
was not: 

“as it is well known that at present, in no part of 
the world, has duplex telephony been 
successfully developed.’ 

Postmaster-General Wise’s announcement of the 
test results was noted with interest by the Managing 
Director of Amalgamated Wireless (Australasia) Ltd., 
Mr ET. Fisk, who arranged for a demonstration to the 
Members at Federal Parliament House. Two hundred 
feet of aerial supported by flag poles on the building 
led to a transmitting and receiving cabinet in the 
Queen's Hall. A similar unit was located seven miles 
away at Brighton, from where a musical selection and 
a short speech by the Mayor were clearly heard through 
a background of static interference. The Prime Minister, 
however, was unable to respond because rain induced 


electrical leakage rendered transmission impossible. 
But to many Members, it was a dramatic event and it 
appeared to them that Fisk had proved the capability 
of wireless telephony for commercial useage. Hansard 
reports were ecstatic! Engineer Golding, however, in a 
confidential memo to the Secretary, strongly advised 
caution. As he pointed out, it had originally been the 
intention to speak from Bendigo to Parliament House 
with brand new Marconi apparatus, but it could not 
cope with the range! Wireless telephones would not 
permit secrecy and electric power generators were not 
readily available in the outback! Added to that, as a 
result of cost estimates supplied by Fisk, it was quite 
clear that the needs of outback settlers could be 
provided more cheaply by land lines. Much more 
experimental work was strongly advised. 

Jim Malone's minute to his Chief Engineer, dated 
13 October 1920, gave the first indication of a scheme 
to provide a speech link over Bass Strait:— 

“To communicate between Hobart and 

Melbourne by wireless telephone would 

necessitate the installation of at least 6KW., and 

the cost would be about £5000. This 
practicability will be investigated further.......’ 

Fisk elaborated upon the proposal giving costs for 
the equipping of stations linking Melbourne, 
Launceston and Hobart, and, perhaps sensing some 
impending lucrative contract, finalised his remarks with 
the observation:— 

“and furthermore, 

impossible’. 

Golding expressed general dissatisfaction with 
Fisk's reply and suggested that as there was so much 
propaganda about wireless telephony, it was advisable 
to tie the Marconi Company down to specifics. No 
information was given as to the power of the stations, 
the type of equipment nor the means of obtaining 
duplex telephony. As he stated:— 

“The capabilities of a wireless telephone circuit 
should approximate as far as possible to those 
of a trunk telephone circuit, including 
simultaneous working both ways (duplex 
telephony) as is required by users of the 
telephone today. Until this is practicable we will 
not be able to justify wireless telephony for 
commercial purposes.’ 

All the Department's requirements were detailed 
in a letter to Fisk dated 20 November 1920, and 
included the idea of providing a Radio-telephone circuit 
between the Mainland and Tasmania. His business-like 
reply indicated that most conditions could be met but 
he could not, at the time, guarantee duplex telephony, 
although he did know that:— 

“some very successful experiments along such 

lines are being conducted both by the Marconi 
Company in England and by the Radio 
Corporation of America.’ 


telephony by cable is 
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Press reports and stories of the wonders of wireless- 
telephony did little to enhance the Department's 
cautious but sensible attitude. As world-wide examples 
of achievements in the new science continued to 
proliferate from enthusiastic and often-exaggerated 
pens, the reaction in Australia was swift and brutal:— 

“The wonders of wireless! Its chief wonder is that 

any human community allows a collection of 
government officials to sit on it in the way the 
Postal Department is doing in Australia”’ 

“The handling of wireless by the Post Office 
is an excellent argument for private enterprise’’ 

“The chief wonder of wireless continues to be 
the wonder why the Postal Department was ever 
allowed to take it over, in order to lock it up from 
the service of the people of this country!” 

The relentless pressure continued until a way out 
of the impasse was indicated in Fisk’s letter to the 
Secretary dated 6 May 1921:— 

“| have also received a cable today informing me 
that the Marconi Company has successfully 
developed a method by means of which a 
wireless telephone circuit can be automatically 
connected with a land telephone circuit...’ 


THE EARLY RADIO TRIALS 

The duplex telephony breakthrough to which Fisk 
referred was announced in “The Times” of London and 
reproduced in the Sydney ‘Sun’. It was a detailed 
account of the classical demonstration carried out by 
correspondents of “The Times” at Southwold (England) 
and their counterparts at Zandvoort (Holland) — the 
latter place now of Grand Prix racing renown. The 
Southwold correspondent spoke into an ordinary 
telephone instrument which was connected to a 
wireless station. His speech was carried by radio waves 
over the North Sea to a Dutch receiving station which 
relayed the spoken word to a second ordinary 
telephone at Zandvoort. An hour long conversation 
ensued without intermediate switching. The operation 
was automatic — duplex telephony had been achieved. 

Amid renewed pressure in the House and further 
broadsides from the popular Press, tests were carried 
out on sets of Radio-telephone apparatus which had 
been procured from the De Forest Radio Company of 
America, and in October 1921, Malone reported to his 
Chief:— 

“Preliminary trials have been sufficiently 

successful to justify making a test between 

Tasmania and the Mainland including repeaters 

between Radio-phone installation and land lines. 

The present intention is to arrange for a 

temporary station to be erected in Launceston 

— probably on the Post Office building — where 

speech would be repeated into the Tasmanian 

telephone system.” 

The De Forest apparatus consisted of two sets of 


Radiophone equipment Type OT 101, 500 watts and two 
of a more powerful unit, Type OT 401, rated at 2000 
watts. Testing had shown that the smaller powered set 
could transmit speech clearly over a distance of 100 
miles and it was therefore considered that the 2000 
watt units would be capable of satisfactorily covering 
the 230 miles between Launceston and Melbourne. 
Radio Engineer George Apperley left for Launceston 
and commenced installation of the apparatus at the 
Post Office. A direct current generator was installed in 
the basement, the transmitter and ancillary apparatus 
in the mail fumigating chamber and an earth 
connection was attached to a convenient water pipe. 
The aerial system was suspended between the clock 
tower and three temporary poles on the roof of the 
building. 


Launceston Post Office with Aerials 1921. 


Radio-telegraphic communication was established 
with Melbourne on 22 October, but speech signals from 
Melbourne could not be received because of the 
induction from a nearby electric power sub-station. A 
separate receiving aerial was therefore set up at Elphin 
Show Ground and a | 1/4 mile land line connection 
made with the Post Office transmitter. Testing continued 
at Launceston with the 2000 watt transmitter until early 
November but the strength of received speech at either 
side of the Strait demonstrated the futility of attempting 
land line relays. The failure between Launceston and 
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Melbourne was due, no doubt, to screening and 
absorption; 30 miles at either end of the transmission 
path was over country which, on the Tasmanian side, 
was particularly hilly. 

On 4th November, a temporary inverted “L’ four 
wire aerial was erected at West Burnie on a site at the 
Church of England vicarage and on the following day, 
a speech transmission from the Type OT 101 transmitter 
in Melbourne was received at maximum strength. The 
speech was so clear and strong that relaying it over 100 
miles of landline presented no difficulty whatsoever, 
since it was all read with ease at Launceston. Such 
promising results justified the removal of the transmitter 
from Launceston to Burnie where the apparatus and 
aerial was installed in and on the Post Office. 
Simultaneously, the receiving apparatus was installed 
at Ulverstone, 14 miles along the coast from Burnie, in 
an upper room of the local Council Chambers. 
Permission was granted by the Ulverstone Fire Brigade 
Board to use the fire-bell tower as an aerial mast. State 
Engineer, W.P. Hallam made available a metallic loop 
between the two stations and testing continued until 
the end of November. Reception of speech was as 
highly satisfactory at Ulverstone as at West Burnie. The 
results were obtained by using a seven stage audio- 
frequency amplifier using five valves. This piece of 
apparatus was not included in the De Forest 
equipment, but was a special super-sensitive 
arrangement for use in reducing atmospheric 
interference to reception. The receiving apparatus in 
the Radio-phone sets proved to be incapable of 
satisfactory speech reception and this applied equally 
to the Melbourne end of the path. By use of the 


amplifying device, the Melbourne speech received at 
Ulverstone was increased in intensity to a degree 
suitable for relaying to Hobart where, on 20 November, 
State Engineer Hallam listened to the Melbourne 
transmission and reported that with the exception of 
slight atmospheric disturbances, all that was spoken 
came through well. The land line connection between 
Ulverstone and Hobart via Launceston was 215 miles 
of 200 Ib. copper conductor. Problems of reception at 
the Victorian end were minimised by modifying the 
receiving apparatus and installing the equipment at the 
Sorrento Post Office, where the reception of Burnie’s 
transmission from a smaller powered Type OT 101 panel 
almost equalled that obtained at Ulverstone. Testing 
continued at Sorrento until December 22nd. Line 
relaying to Melbourne met with limited success 
because it was not possible to obtain an exclusive trunk 
circuit. A service call had to be booked to coincide in 
time with the transmitted programme from Tasmania; 
thus different trunk circuits were obtained for different 
tests and many of the lines were very poor — even for 
ordinary conversation. 

George Apperley’s report was minutely detailed. He 
pointed out the limited capabilities of the De Forest 
equipment but emphasised that, with local 
improvisation, perfectly articulated, distortionless 
speech had been transmitted between Melbourne and 
Hobart, and that duplex Radio-telephony had been 
proved possible via Burnie and Ulverstone. Malone 
echoed these sentiments to Chief Electrical Engineer 
R.N. Partington but also noted the disappointing results 
at the Melbourne end of the proceedings. He stated:- 

“These results, although not satisfactory in the 
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Burnie Radiophone Transmitter. 
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light of any expectancy of reliable communication 
being maintained, have been of considerable 
value in teaching us lessons which will be of 
importance, should it be decided later on to 
inaugurate a Wireless Telephone Service across 
the Straits. The tests prove again what has already 
been known — that Radio Telephony is still in the 
developmental stage; and, although more 
efficient apparatus than was at our disposal could 
be obtained from abroad, it is not safe to 
recommend its adoption for a commercial service 
to the public’ 
Partington agreed. A lot had been learned, the 
funds had been well spent, but there were to be no 
further tests for the time being. 


Ulverstone Council Chambers with Aerial Connection to Fire Brigade 
Bell Tower. 


RADIO OR CABLE ? 


As masts and aerials were dismantled and 
transmitting and receiving equipment was crated for 
return to the mainland, Tasmanians must have 
experienced a bitter feeling of disappointment. The 
promise of a voice link seemed to have faded, but it 
would have been wrong to assume that, because testing 
across Bass Strait had ceased, the Department had 
gone into hibernation. The apparatus was installed at 
Melbourne Radio and further experiments were carried 


out to ascertain the reliability of the sets for wireless 
telegraph transmission under actual working conditions 
— but stations were asked to listen for accompanying 
speech also. The results obtained were most 
encouraging. Favourable reports on the volume and 
quality of speech were received from Brisbane and 
Perth Radio Stations, from ships far out at sea and from 
Auckland and Awanui stations in New Zealand. But it 
seemed that nothing was being done to promote the 
adoption of the system to alleviate Australian problems. 

Cynical parliamentary barbs were regularly 
targetted at the Postmaster-General for his apparent 
disinterest in the provision of wireless telephones. Such 
attacks were unfair because at that period, the 
Department could not provide such facilities. The 
question of installing wireless telephones at isolated 
locations where no land line communications existed 
had received a lot of attention, but Amalgamated 
Wireless had not been successful in negotiating with 
interested parties because of the prices they quoted 
and the Company would not supply equipment which 
the PMG. Department would erect and operate 
because of a desire to protect vital patent rights. 

In the midst of his multitudinous duties, the new 
Secretary of the Department, Harry Percy Brown, 
reminded Ernest Fisk of AW.A. that a field of 
investigation lay in the provision of telephonic 
communication to Tasmania. Fisk's reply — six months 
later — indicated that he thought something useful 
might be done in that respect, 

“although it might not, at the outset, be as good 

as the mainland trunk lines....’ 

The tenor of the response indicated clearly that 
there were still unsolved problems in the wireless 
telephony field, but Brown, assuming that the snags 
would be overcome as technology advanced, initiated 
an investigation into potential cross-Strait traffic. 
Superintendent of Telephones, L.B. Fanning compared 
the ratio of telephone to telegraph business between 
mainland capital cities and then applied his findings 
to the telegraph business between Tasmania and the 
mainland. 55 calls a day was the result. Estimated 
increasing use of the service showed a third year 
revenue of £7,200. In February 1925, the Western 
Electric Company (Australia) regaled Secretary Brown 
with details of their latest technology and achievements 
and later suggested that it might be possible to derive 
telephone channels on the existing Bass Strait telegraph 
cables. It was a fascinating prospect. If high frequency 
testing proved to be successful, then suitable paths for 
telephonic communication already existed at the 
bottom of Bass Strait. Heavy financial expenditure 
would be greatly reduced and provision of the desired 
voice bridge would be accelerated. Brown had no 
hesitation in ordering an investigation into the 
properties of the two cables, but Supervising Engineer 
(Research) S.H. Witt reported on 4 November 1926:— 
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“This investigation is complete. The cables cannot 
be used for telephony.’ 


Melbourne 


VICTORIA 


Qo 
BASS STRAIT 2°? 


\ 


Pet, 


id 


ge 
& 


Burnie P.O. & 
West Burnie Vicarage Pe 
Ulverstone 
Council Chambers 
Launceston P. 
& Show —— 


TASMANIA 


Wireless Telephone Experimental Sites 1921. 


PRESSURE FOR A SUBMARINE CABLE 
Since London and Paris had been joined in 1891 
by the first submarine telephone cable under the 
English Channel, there had been great advances in both 
cable design and insulation technology. The latest 
innovations were described not only in scientific and 
technical journals but received a fair degree of coverage 
in ordinary newspapers. It may not, therefore, have 
been any great surprise to H.P. Brown when, in August 
1926, he was approached by the sub-editor of the 
Hobart ‘Mercury’, Mr Clyde Black, who made 
representations on behalf of the newspaper and the 
Chamber of Commerce for the laying of a submarine 
telephone cable. Brown pointed out the technical 
difficulties in providing a cable of such a length and 
stressed the exceptionally heavy cost. Because of these 
obstacles in giving telephone facility by cable, the 
Department had directed its attention to the institution 
of a service by wireless telephony. It seemed significant 
that later in the same month, Tasmanian Member for 
Denison, Sir John Gellibrand, also raised the question 
of the telephone service with Postmaster-General 
Gibson. The prospect of a further onslaught by 
Parliamentarians, the Press and the big business 
interests of the Hobart Chamber of Commerce 
indicated that up-to-date answers be prepared. 
Quotations and complete specifications for the supply 
and installation of wireless telephony plant were 
awaited from both AWA. and STC., but as public 
interest in a submarine cable seemed to be on the 
increase, an investigation into the economics of that 
alternative was necessary. That task fell to the lot of 


Chief Electrical Engineer J.M. Crawford, who supplied 
details to Brown some weeks later. From details of cable 
design and performance at that time, the distance 
across the strait was too great to allow a cable to be 
run direct and two routes were available which would 
allow the cable to be divided and for repeaters to be 
installed. The first was from a point near Wilson's 
Promontory (Vic) via the islands of the Furneaux Group 
to a suitable point near Cape Portland (Tas.), and the 
second was from Cape Otway (Vic) to King Island and 
then on to Marrawah (Tas.). Of the two, the route via 
King Island was preferred, because the many islands 
along the alternative path indicated a shallow, rocky 
sea-bed with consequent problems of tidal abrasion. 
It was also considered that open aerial construction 
over several islands multiplied the risk of storm 
damage. Either scheme would require additional wire 
between Launceston and Hobart, and when all costs 
had been estimated, provision of cable connection by 
the schemes were:- 
(a) via Flinders Island — £171,000 
(b) via King Island — £173,000 

Postmaster-General Gibson compiled a soothing 
letter to the prickly Member for Denison avowing his 
sympathy for the Tasmanian cause, stating that a 
conservative estimate for the provision of telephonic 
service by means of submarine cable would be 
£180,000, but adding that there was doubt that the 
work could be done even for that figure as it would 
probably be necessary to send a cable ship from Great 
Britain to transport the cable and then to lay it on the 
ocean bed. 

The Honourable Member was placated. The 
engineers were free to wrestle with their problem 
without distractions — for a little while! 


(To be continued. A list of references will be 
provided at the conclusion of the final segment). 


Alan Tulip, graduate and diplomate of the 
University of Durham, served for nine 
years as a Royal Air Force Instructor and 
then taught and administered a group of 
schools in Central Africa. Persuaded by 
an ex-service colleague to settle in 
Tasmania, he soon decided that a change 
from teaching was desirable and joined 
the PMG. Department in 1971. He 
became Tasmanian Historical Officer two 
years later and has, since then, been 
happily researching and writing, and 
administering the Hobart Postal and 
Telecommunications Museum. 
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A tutorial on ISDN customer 


call control 
PART | 


P. Mikelaitis 


To be in a position to fully exploit the service potential offered by an Integrated Services Digital 
Network (ISDN), it is necessary to understand the type and extent of call control capabilities that 
will be offered to the ISDN customer. From a telecommunication user's perspective, the ISDN is 
characterized by the user communications capabilities and associated call control procedures available 
at the ISDN user-network interface. For the Basic interface and Primary Rate interfaces this capability 
is represented by the combined resources of the B-and D-channels, whilst the call control (signalling) 
procedures form part of the D-channel protocol hierarchy (layer 3) defined by CCITT (1984). At the 
ISDN user-network interface the D-channel customer access signalling protocol provides the ISDN 
user with the ability to control user communications not only for call set up and clear down, but 
also for service invocation and change during the course of a call. To provide the reader with a full 
appreciation of the ISDN call control capabilities supported by the D-channel, this paper first develops 
a global ISDN communication framework, and then draws the reader's attention (in a series of steps) 
from the global “network” overview down to layer 3 of the D-channel protocol hierarchy. During the 
process the reader will become aware of how this fits into, and relates to other components of, an 


ISDN. Specific topics include; 


®@ the rationale behind stimulus and functional modes of operation for ISDN terminals, 

® signalling for call set up, service invocation and call cleardown. 
The second part builds upon the signalling background introduced in the first by providing detailed 
information on the layer 3 signalling message structure. Included, is a discussion on the uses of all 
of the information elements defined by CCITT (in 1984) for layer 3 D-channel signalling. 


10 INTRODUCTION 

Traditionally the approach to service provision in 
telecommunications has been to provide service 
dedicated networks, each with its own specific physical 
and-or logical (i.e. access procedures) interfaces. Thus, 
the Public Switched Telephone Network (PSTN) carried 
voice, a Packet Switching Network (PSN) carries packet 
traffic. Telex, Teletex and Videotex all appear to the user 
as services supported by different networks. This 
approach has worked for many years but it has a 
number of serious drawbacks, namely: 
® an organisation that must install a new network to 

support a new service cannot respond rapidly to 

changing service demands, 

@ telecommunication customers must maintain a wide 
range of different terminals in order to take 
advantage of the services offered. 

The concept of an Integrated Services digital 
Network (ISDN) was born out of a need to rationalise 
the provision of telecommunication services and an 
emerging awareness that service in the future will no 
longer by synonymous with a transport mechanism (ie. 
the provision of a means to move information, either 
in the form of voice, or data) between parties A and 
B. To be economic and competitive in the coming 


information age the telecommunication network of the 
future must be able to provide information processing 
as well as information transportation. 

During the CCITT (International Telegraph and 
Telephone Consultative Committee) Study Period (1981 
— 1984) the ISDN has grown to be much more than 
a concept. A great deal of international effort via the 
CCITT has been directed towards the development of 
a comprehensive set of international ISDN 
recommendations or standards. Of the various ISDN 
standardisation activities during the 1981-1984 Study 
Period the definition of the ISDN user-network interface 
was arguably the most important. 

The ISDN user-network interface can be loosely 
described as the region between, and including the 
customer terminal installations and the local exchange. 
Associated with it are such issues as the provision of 
digital transmission capability (ie. the information 
transport mechanism) and the other services (ie. 
information handling) supported by the ISDN service 
provider. The importance of the ISDN user-network 
interface lies in the fact that once defined, terminal 
equipment manufacturers and network providers can 
proceed independently in their efforts to develop 
equipment and facilities for what promises to be a 
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global market. ISDN has the potential to bring new and 
advanced services to many people very cheaply. The 
critical aspect of the ISDN user-network interface is 
associated with the fact that from the 
telecommunication user's perspective an ISDN is 
characterized by the user communications capability 
and the call control procedures available. If this 
capability should provide inadequate in the future or 
more importantly, the call control procedures do not 
prove flexible enough to cater for future service 
demand, customer resistance to the ISDN may cause 
it to be uneconomic. 

The primary objective of this paper is to describe 
the basic characteristics of the defined ISDN call control 
procedures at the ISDN user-network interface and in 
so doing provide the reader with an insight into the 
capabilities for, and the potential limitations of, service 
provision to the ISDN customer. A secondary objective 
is to acquaint the reader with some of the other aspects 
of the ISDN user-network interface and indicate how 
these aspects and the aforementioned call control 
procedures relate. 

The secondary objective is achieved by taking the 
reader on a tour of the user-network interface. A tour 
that begins in section 2 with a macro view of an ISDN 
and ends in section 4 with the identification and brief 
description of the D-channel protocol hierarchy. 
Thereafter, realisation of the primary objective takes 
precedence and the reader's attention is firmly fixed 
on layer 3 of the D-channel protocol hierarchy wherein 
the ISDN call control procedures reside. 

This tutorial deals with the fundamental principles 
associated with customer access to the ISDN. 
Consequently whilst it is based on CCITT 1984 
recommendations, the call control principles will still 
be applicable after the planned CCITT 1986 revisions. 
Only where these principles have been illustrated with 
specific signalling examples will differences be apparent 
between the CCITT 1984 and 1986 versions of the call 
control recommendation (1.451). Where possible the 
likely 1986 additions (as of Oct-Nov. 1985) have either 
been included or highlighted in the text in order to 
make the signalling examples more up to date. 


2. A MACRO VIEW OF AN ISDN 

In the early stages of development, the ISDN will 
evolve from the telephony Integrated Digital Network 
(IDN). Digital capability will be extended to the 
customer by adding to the IDN an ISDN user-network 
interface. This interface can be viewed as a shel 
through which customer digital traffic and call contro 
signals are passed. 

The plethora of service dedicated networks wil 
continue to exist for many years. ISDN customers will 
be able to signal a desire to access these networks (and 
their attached customers) through the call contro 
facilities offered at the ISDN user-network interface. 


However, physical access will be dependent on the 
dedicated network interworking arrangements put into 
place by the telecommunication service provider. 

As the ISDN evolves the number of customers 
accessing the service dedicated networks through 
network specific interfaces will decline until eventually 
all telecommunication services are accessed via the 
small set of physical and logical interface (DUC, Aug. 
1984) offered at the ISDN user-network interface. From 
the customer's viewpoint the ISDN user-network “shell” 
will appear to have expanded to encompass the entire 
telecommunication network. Such a macro view of an 
ISDN (Mikelaitis, Sept. 1985) is presented in figure 2.1 
and will be used to develop a discussion of the major 
features of the user-network interface. 


LOCAL EXCHANGE 


TRANSIT 
EXCHANGE 


ISDN USER-NETWORK 
INTERFACE 


AN AREA OF CUSTOMER ACCESS 
(TO BE DISCUSSED) 


Fig. 2.1 — A User's Perspective of an ISDN 


In Fig 2.1 the ISDN user-network interface surrounds 
a “network”’ of interconnected exchanges that provide 
for customer information processing and 
transportation. What form this generic information 
processing service will take is not yet clear. However, 
information transportation will for some time be 
dictated by current technology, being accomplished in 
one or both (i.e. simultaneously on a per call basis) of 
the following ways: 
® continuous bit stream utilising switched, semi- 
permanent or permanent 64 kbit-s network 
connections. 
packetised bit stream over either of two types of 
PSN’s. One of these is the familiar “X.25 based’ 
system already installed (pre ISDN) by many 
administrations. The other is the signalling network. 
Common Channel Signalling System No. 7. 
3. ISDN CUSTOMER ACCESS 
In general, an ISDN customer will be more 
concerned with how his or her ISDN terminal (TE) can 
be connected to the local exchange. This area of 
interest is represented by the rectangle of figure 2.1. 
Within the rectangle a number of ISDN customer access 
configurations are possible, as defined in 
Recommendation 1.411 (CCITT SG XVIII, June 1984) two 
possible customer installations that have been chosen 
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TRANSMISSION 


B 
Channels 


Switchblock 


@ EXCHANGE 


NETWORK 


LINES 


as the T interface when accessible) 
TE.. generic name for an ISDN terminal 
NT1.. transmission line termination (tt ) (ie) 
NT2.. additional functions (e.g. PABX) 
LT.. transmission line termination for =) 
exchange equipment 
Di6 D-channel at 16 kbit/s 
D 64+» D-channel at 64 kbit/s 
J 
Fig. 3.1 — An notional illustration of possible ISDN customer terminal configurations with physical interfaces coincident with the CCITT reference 


points S and T 


to help place into context a number of CCITT modelling 

concepts and their associated jargon. Figure 3.1 

illustrates these. 

Connecting a TE to the local exchange can be 
accomplished either: 

e directly through an NTI functional block (1.411) or 
indirectly through an NT2 (1.411) functional block. In 
the first case NTI provides a translation between a 
“transmission line’ standard and the interface 
structures at the S or T reference points. Whilst in 
the second, NT2 can provide PABX functions as 
required. 


3.1 INTERFACE STRUCTURES 
The CCITT defined interface structures at the S and 


T reference points (which in Figure 3.1 are shown 
coincident with physical interfaces) are what the user 
sees of an ISDN. They are described in terms of D-and 
B-channel “bundles” where the B channel provides a 
64 kbit-s full duplex transparent capability to the local 
exchange. The following are two interface structures of 
importance in any early ISDN. 
e The Basic interface structure is made up of two B 
channels and a D-channel (2B + D), where the D- 


channel supports a 16 kbit-s full duplex capability. 

e The Primary Rate B Channel interface structure is 
dependent on the network or country involved. It 
can either by 30B + D for a primary rate of 2048 
kbit-s or 23B + D for a primary rate of 1544 kbit-s. 
In both cases the D-channel bit rate is 64 Kbit-s (full 
duplex). 

The basic interface structure is currently supported 
by a passive bus which allows for the physical 
connection of a small number (up to 8) of low capacity 
ISDN terminal equipment (i.e. customer requirements 
in the range of kbit-s). Terminals connected to this bus, 
do so in accordance with: CCITT Recommendation 
1.430. These TE’s not only share the physical media but 
also share the information carrying capacity of the 
Basic interface structure that it supports. Thus, it is 
possible for two or more TE’s on the same passive bus 
to be involved in seperate and concurrent calls. 

The primary rate B channel interface structure will 
support higher capacity equipment (i.e. Mbit-s) such as 
PABX’S. Terminal equipment using this interface 
structure connect to a physical and_ electrical 
environment described in CCITT Recommendation 
Wasi. 
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3.2 RESOURCE ALLOCATION 

The above concept of resource sharing by terminal 
equipment connected to a Basic interface structure at 
the ISDN user-network interface is more clearly shown 
by the channel structure, the terminal, and exchange 
detail revealed on one bus of figure 3.1. This is a stylistic 
representation of a Basic interface structure in which 
details of the electrical channel structure on the passive 
bus, together with terminal and exchange internal 
structures are revealed. 

Each ISDN terminal and the exchange access the 
physical D-channel through a protocol hierarchy 
(represented as a D-channel protocol block in figure 
3.1), defined by CCITT, but which is similar in concept 
to that used in the Open Systems Interconnection (OSI) 
reference model (ISO-IS7498). Thus, the hierarchy is 
partitioned by function in a layered manner, with each 
layer using and adding to the service offered by a lower 
layer and in turn offering this enhanced service to a 
higher layer. The lowest layer in the protocol hierarchy 
incorporates the physical link. 


3.3 THE USER-NETWORK INTERFACE 
PROTOCOL HIERARCHY 

The B-channels at the ISDN user-network interface 
are currently designed to provide a flexible customer 
communication capability, to cater for current and 
emerging services. CCITT has not provided a standard 
B-channel access protocol hierarchy to the extent that 
it has done, for the D-channel. Standards activities 
(CCITT 1.430 and 1.431) for B channel access have been 
largely confined to the specification of the electrical 
characteristics (ie. line code, framing etc.) at the S and 
T reference points so that terminal equipment can 
extract the 64 kbit-s full duplex capability and make 
it available to the customer. The logical procedures (if 


any) associated with a particular communication can 
be freely determined and installed by the customer 
(these procedures are embodied in the B-channel user 
blocks of figure 3.1). In OSI terms this choice extends 
from somewhere within layer | (ie. where specialized 
components extract and insert bits into the B-channel 
parts of the transmission frame) up to layer 7. 

The D-channel on the other hand has a well defined 
protocol hierarchy consisting of three layers (layers 3, 
2 and 1). The functions associated with this hierarchy 
are embodied by the D-channel protocol block of figure 
3.1. A more detailed representation of the CCITT 
defined protocol hierarchy for ISDN access is shown 
in figure 3.2. Illustrated, is the NT1 functional block and 
its exchange end counterpart LT, together with the 
CCITT Recommendations defining the peer protocol 
used by each of the layers of the protocol hierarchy. 

The D-channel is primarily used by exchange and 
terminal equipment to pass packetised signalling (s) 
messages (generated by the S functional blocks in figure 
3.2) between one another in order to create, control 
and finally terminate ISDN connections. It can also be 
used to carry customer information requiring only 
relatively low speed (c.f. 64 kbit-s) frame oriented 
transmission capabilities. To this end, CCITT have 
allowed for X.25 level 3 packet protocol represented 
by the P functional blocks of figure 3.2 (generating the 
so called “p” information type) and have given an 
indication that a D-channel telemetry protocol 
(generating the so called “t’ information type) will be 
considered in the future. Signalling messages and X.25 
level 3 packets are statistically multiplexed on to the 
D-channel via the layer 2 procedures represented as 
LAPD functional blocks in figure 3.2. 
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Fig. 3.2 — A layered architectural model of user and network equipment on a Basic access interface 
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3.3.1 LAYER | 

This layer of the ISDN user-network interface 
incorporates the physical medium and _ logical 
procedures used on the customer's side of the 
transmission line. In the simplest case it caters either 
for physical media supporting a Basic interface structure 
or Primary rate interface structure On a passive bus 
supporting a Basic interface structure. D-channel access 
is determined by a “Carrier Sense Multiple Access- 
Collission Detection (CSMA-CD) like’ protocol 
(represented by the “MA” functional block in the ISDN 
terminal of figure 3.2) where one of a group of 
contending terminals will ultimately gain access (all 
others having backed off). Further, in recognition of the 
different information types possible on the D-channel 
the “CSMA-CD like’ protocol ensures that a contending 
terminal with a signalling message will always win out 
over a terminal wishing to transmit a message of 
another type (e.g. “p’or “t’) (CCITT 1.430) (Blackwell, 
1985). As shown in figure 3.2 the B and D channels are 
separated at this layer so that they may provide a “bit 
hauling” or ‘physical’ service to the layers above. In 
the case of the B-channel there is only an arbitary B- 
channel user to take advantage of the communications 
capability offered. In the case of the D-channel there 
is a defined next layer. 


3.3.2 LAYER 2 

Layer 2 of the ISDN user-network interface is 
associated with the D-channel protocol hierarchy. It 
uses the “bit hauling” service of layer 1 to provide a 
frame oriented, transparent (bit stuffing) data 
transmission capability with error detection and limited 
recovery to layer 3 (McGlade, 1985). This capability 
(represented by the LAPD functional blocks in figure 
3.2) is presented to layer 3 in the form of data link 
connections. Each data link connection can be thought 
of as an error protected “logical wire’ that is used by 
a terminal and exchange to transport layer 3 messages 
(signalling, packet or telemetry). 


3.3.3 LAYER 3 

Layer 3 of the D-channel protocol hierarchy is 
principally designed to provide the customer with an 
out-of-band ability to set up, control and finally 
terminate ISDN calls. To effect this call control a defined 
(ie. in 1.451) sequence of signalling messages (referred 
to in this paper as a signalling dialogue) is passed 
between the exchange and terminal equipment. 

If the call involves a B-channel, part of the signalling 
dialogue results in an agreement between the exchange 
and terminal on which B-channel is to be used. Once 
a B-channel is assigned to a terminal it is free to connect 
it (ie. throw the single pole switch of fig. 3.1) to the 
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B-channel user. Note, any particular B channel is only 
assigned to one terminal at a time. 

Thus, on a single Basic interface structure the 
following are a few of the many possible 
communications scenarios; 
® one terminal using both B-channels 
® two terminals using one B-channel each 
® anumber of terminals utilizing the packet capability 

of the D-channel 
® some combination of the above. 

Figure 3.3 illustrates the case of signalling message 
transfer between the D-channel protocol blocks (see 
figure 3.1) of an ISDN terminal, TE and the exchange, 
ET (note that the B-channel parts have been removed 
to improve clarity). 


Information element carrying 


the message name 


one a. ee 


Other information 
elements 


Fig. 3.3 — Illustration of a layer 3 signalling message exchange between 
an ISDN terminal (TE) and exchange termination (ET) 


The layer 3 signalling message is a packet made up 
of a variable number of segments called information 
elements. Each message has a name (carried in the 
MESSAGE TYPE information element near the head of 
the packet) that defines its major signalling function. 
Thus, a message named SETUP will always be used to 
request the set up of an ISDN call and DISCONNECT 
will be associated with the disconnection of an existing 
call. Other information elements associated with a 
particular message will in general support the signalling 
function of that message. Thus, the SETUP message will 
almost certainly have associated with it addressing 
information (i.e. destination) in an “address” information 
element and possible supplementary service 
information (required for the call) in a ‘supplementary 
service’ information element. 

Layer 3 of the D-channel also allows for the 
transportation of user information across the ISDN 
user-network interface in X.25 level 3 packets. Readers 
interested in this aspect of the D-channel are referred 
to CCITT Recommendation 1.451 section 5.3.2. The 
remainder of this paper will provide a more detailed 
look at the characteristics of the call control protocol 
and qat some of the associated on-going 
standardization issues. 
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4. A RATIONALE FOR ISDN TERMINAL 
DESIGN 
As described in the previous section, signalling 

messages are exchanged in a defined sequence in 
order to effect ISDN call control. Of equal importance 
with the signalling dialogue are the information 
elements carried by each signalling message. Prominent 
amongst these are those information elements 
specifying the supplementary services to be attached 
to a particular call. 

Up to about mid 1983 the approach of CCITT to 
the specification of the layer 3 signalling protocol was 
two pronged; 

e develop the signalling dialogues (ie message 
sequences) necessary to set up, control and clear 
down ISDN calls 

e expand and develop the information elements 

associated with the signalling messages. 

The information elements are the key to ISDN 
call control. The information they carry specify the 
individual characteristics of a specific ISDN call and 
can include, amongst others, the following 
parameters 
destination address 
origination address 
supplementary services to be associated with a call 
specification of the characteristics required of the 
ISDN network connection used to support an ISDN 
call. 


4.1 THE FUNCTIONAL APPROACH 
CCITT was developing specific information 
elements to carry specific types of information. Thus, 
for the four types of information described above there 
are four specific information elements, namely: 
DESTINATION ADDRESS, ORIGINATION ADDRESS, 
CCITT STANDARDIZED FACILITIES and BEARER 
CAPABILITY. This approach placed an increased 
processing burden on terminal equipment (ie. 
equipment would have to interpret user requirements 
and code the appropriate information element) and a 
reduced burden on exchange equipment (in the sense 
that information pertaining to any given aspect of a call 
is known to exist in a specific information element). This 
devolution of processing burden to terminal equipment 
was not seen as a great problem in the era of the 
microprocessor. However, the following two 
economically based questions remained unanswered. 
e Inthe future, the provision of supplementary and 
other “value added” (ie. information processing 
rather than just information transportation) services 
will become increasingly important to the economic 
viability of telecommunication service providers. 
Consequently, these telecommunication service 
providers must be able to respond rapidly to 
changing service requirements. If CCITT is to define 
such services and code them into specific 


information elements, how does the four year study 
cycle relate to this need for responsiveness in the 
services market place? 

e If ‘value added” and supplementary services are to 
be invoked through standardized coding in specific 
information elements, how can terminals in the field 
be upgraded to take advantage of new services? 


4.2 THE STIMULUS APPROACH 
It is the first of these two questions that probably 


prompted an American led push in mid 1983 to 

introduce an approach to layer 3 signalling that 

diverged from the major CCITT functional thrust. At 
layer 3 this new approach was called stimulus signalling 
and was being represented as more suitable for 

“unintelligent” simple terminals. In effect, it was meant 

to cater for services already available in the American 

networks. 

The original stimulus signalling proposals have, in 
the international forum of CCITT been somewhat 
modified. However, confusion still reigns as to the 
implications of stimulus signalling on the current 
procedures for customer access signalling. To help clear 
the confusion, this paper presents a fictional discussion 
between two terminal designers A and B in which they 
are planning their ISDN terminal design strategies. The 
discussion centres around services in the ISDN 
environment and how customers can be given flexible 
control over the services they wish to invoke. 

The scene is a well lit office and A has opened the 
discussion. 

A: Well, ISDN is going to be the framework for future 
telecommunications. How are we going to induce 
people to use the new digital communications 
capability? 

B: That's an easy one A! We'll provide the customer 
with unheard of services and service packages at 
incredibly low prices. Mind you, we're going to have 
to be very responsive to customer demands ... | 
hope the ISDN standards will allow us the flexibility. 

A: Unheard of services? We'd better start thinking about 
those for the future, but what about the millions of 
telephone users. Now that’s a big market! Surely 
they'll still only want voice communications ... but 
with a few additional services, ...of the type found 
in today’s PABX’s. 

B: Yes! ... We could offer a simple digital telephone, 
outwardly identical to today’s instrument. That way 
we won't have to worry about a “new technology” 
backlash ... and people can key in digit strings, just 
as they do today for supplementary services. 

A: That's right B. That way the terminal requires no 
intelligence ... That'll keep our costs down...Although 
it does load the customer quite a lot. Just think of 
all those digit strings that'll have to be remembered 
and keyed in! 
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B: That's not a problem for this market, people using 
only voice terminals are unlikely to require too many 
services ... There won't be too many strings to 
remember and besides, this market will be so large 
it will warrant the definition of a fundamental set of 
basic and supplementary services which are bound 
to be assigned short digit strings. 

A: Yes | see ... but what if these people demand much 
more than you think. The digit strings will become 
unmanageable. 

B: That's easy!...Remember we were talking about a low 
cost down-market product. Our up-market product 
will of course have inbuilt intelligence. It will 
remember the digit strings and “key” them in for the 
customer. 

A: I see ... The simple terminal will allow us to reach 
the majority of people quickly. Whilst the “up- 
market’ terminal can pick up the business 
customers. 

B: Yes ... It will also pick up the simple terminal users 
that get a taste for more than voice communication, 
but that will take time. So long as we have an ISDN 
terminal range we're covered. 

A: There is a problem you know...Simple terminals are 
fine. We can provide new services and inform people 
of the digit strings necessary to invoke them. But 
with the up-market product which will have these 
strings or codes built in there'll be a problem. How 
can we make them remember the new codes for any 
new services? People aren't going to want to modify 
their terminals and we certainly can’t send service 
men out to every terminal every time there's a 
service change. 

B: Ah! That's easy..We'll provide a terminal update 
service. The exchange can be programmed to down 
load new software to any terminal that subscribes. 

A: | see...ls that one of your unheard of new services? 

With the final comment from A, both parties rise 
and leave the office, confident that their terminal range 
strategy will cover them now and into the future. 


4.3 THE MAJOR STIMULUS IMPACT 

In the future telecommunications environment 
where supplementary and value added services are 
expected to proliferate, terminal intelligence appears 
to be a necessity. The stimulus signalling move of 1983 
was not a symptom of disagreement with the ultimate 
necessity of terminal intelligence, rather it was a move 
to cover the low end of the ISDN terminal market. In 
such a market the consumer is likely to require only 
voice communications with limited access to 
supplementary and value added services. However, it 
must remain possible to quickly and easily change that 
access. 

In the last (1981-1984) CCITT Study Period the 
injection of stimulus signalling concepts has had its 
greatest impact on the layer 3 signalling message 


information elements. This impact is largely in the form 
of two so-called stimulus information elements, 
KEYPAD and DISPLAY which have been included in the 
current version of Recommendation 1.451. The contents 
of KEYPAD and DISPLAY can be any sequence of IA5 
(i.e. International Alphabet number 5) characters. The 
semantics of the content are not controlled by CCITT. 
Consequently, it is possible for the KEYPAD and 
DISPLAY information elements to carry all of the 
signalling related information of a signalling message 
previously ascribed to specialised information 
elements. (Note that KEYPAD is attached to messages 
being sent by the customer terminal to the exchange 
and DISPLAY is attached to messages travelling in the 
opposite direction). In particular these information 
elements could be used very effectively to provide a 
flexible approach to supplementary and value added 
service provision at the ISDN user-network interface. 

The critical issue facing Study Group XI in its 
development of the layer 3 signalling protocol of the 
ISDN user-network interface is the provision of 
supplementary and value added services to the 
customer. These services must be provided in a flexible 
way so that demands for service change can be easily 
and quickly met. 


5.0 ISDN LAYER 3 SIGNALLING 


In the previous chapter the reader was introduced 
to some of the basic characteristics of layer 3 signalling. 
That is, layer 3 signalling comprises a dialogue of 
messages between the exchange and _ terminal 
equipment. The messages are made up from a number 
of parts called information elements which carry 
information associated with the signalling function of 
the message (e.g. address and indication of additional 
services required). As seen in section 4, information 
elements and their use in specifying services to be 
associated with a call is an unresolved issue within 
CCUT: 

This chapter will continue to provide more detail 
on the characteristics of layer 3 of the ISDN user- 
network interface. It will introduce the concepts of 
signalling processes and access signalling links to more 
completely model the interaction between one ISDN 
customer terminal installation and its local exchange. 
To place this into a “network” context the readers’ 
viewpoint will then be expanded in an overview of the 
signalling mechanisms that occur between different 
ISDN customer terminal installations. Following the 
overview will be a detailed discussion of some of the 
signalling dialogue necessary to: 
® establish an ISDN call 
® invoke supplementary services during the course of 

an ISDN call 
® terminate an ISDN call. 

It should be noted that since the stimulus issue is 

largely centered around the issue of information 
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elements it has had little impact on layer 3 signalling 
dialogues. Consequently, unless otherwise stated ISDN 
layer 3 characteristics discussed in this chapter are 
applicable to all ISDN terminal types. 


5.1 SIGNALLING PROCESSES 

In an ISDN terminal (TE) and exchange (ET) 
equipment the layer 3 signalling procedures described 
in CCITT Recommendation I.451 could be supported 
in a variety of ways, including: 
® software in a microprocessor 
® a dedicated layer 3 VLSI circuit 
® a set of interconnected logic gates 
® a combination of all, or some of the above. 

This paper models those parts of ISDN equipment 
that execute the layer 3 signalling procedures as 
Signalling (S) processes. Figure 5.1 illustrates the layer 
3 signalling process detail of a terminal and exchange 
D-channel protocol block. It has evolved from figure 
3.3 but has had the layers below layer 3 replaced by 
the data link service (see section 3.3.2) that they 
provide. 


Call control capability 
offered to the user 


Access signalling 


Signalling 
processes 
[\ 


Layer 3 message carried 
in a layer 2 frame 


Terminal Equipment 
(TE) 


Exchange Termination 
(ET) 


Fig. 5.1 — Model of the layer 3 access signalling links between an ISDN 
terminal (TE) and the exchange termination (ET) 


5.2 ACCESS SIGNALLING LINKS 

Prior to every user communication involving B 
channels (and possibly the D channel) a layer 3 
signalling process in the terminal (TE) must establish 
a one-to-one association with a signalling process in 
the exchange (ET). This association can be thought of 
as a temporary customer access (or simply, access) 
signalling link along which layer 3 messages are passed 
in order to establish, control and finally clear down an 
ISDN network connection. In the simplest case an 
access signalling link would be created to control each 
bundle of B channels asked for by the user. Thus, on 
a Basic interface access it would appear that no more 
than two access signalling links need be supported by 
a terminal at any one time (i.e. one link to control each 
of the B channels if they are used concurrently). 
However, access signalling links need not be associated 
with the use of a B channel. 
@ They can exist in isolation (i.e. not controlling another 

communication circuit) and transfer user traffic in 


the form of user-user information across the network 

(see section 5.5.2). 

@ They can exist in association with user traffic (eg. 
packet and telemetry supported by the D-channel 
(although the extent of their control functions over 
this traffic is currently unclear). 

Consequently the communication resource 
available to an ISDN terminal user is not limited by the 
number of B-channels available at the user-network 
interface. 

On a Basic interface structure scope has been left 
for the identification of as many as 256 layer 3 access 
signalling links per layer 2 data link (see the CALL 
REFERENCE information element of section 2.1.2 in 
Part 2 of this series). 


5.3 A SIGNALLING OVERVIEW 

The layer 3 centred model of the D-channel 
illustrated in figure 5.1 is a useful tool for developing 
an understanding of the signalling interactions at one 
customer-to-exchange installation. By replicating this 
model at various places on the ISDN user-netwrok 
interface of figure 2.1 it is possible to obtain an 
overview of the network wide signalling interactions 
involved when setting up an ISDN call. 

Figure 5.2 illustrates such a replication involving two 
customer terminal installations (represented as layer 3 
centred D-channel protocol blocks). The signalling 
processes in the exchange equipment provide a “call 
control capability’ to the terminl user (see also figure 
5.1). In the OSI Reference Model (ISO 7498) this 
capability is normally described in terms of a service. 
The service is represented by defined sequences of 
primitives that bear names allowing the user to quickly 
identify that aspect of the overall layer service with 
which they are associated. 


Layer 3 information 
element 


NETWORK 


x 


Connect ‘Connect Connect Connect 
Request Confirm Indication Response 


MSU: Message 
Signalling Unit 


Fig. 5.2 — Block diagram of ISDN signalling between two ISDN terminals 
(B channels not shown) 


The D-channel-to-CCSS No. 7 interworking procedures 
are currently undefined and are represented in figure 
5.2 as an “arrowed” connecting line. 

A formal definition of a D-channel layer 3 service 
is also not available; rather the service is implied by 
the capabilities of the protocol. However, it promises 
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to be equivalent to, if not a superset of that defined 
for the OSI Network Layer. Figure 5.2 uses the OSI 
Network Layer CONNECT suite of primitives together 
with a pictorial representation of one set of real events 
that they might be used to model, to illustrate some 
of the signalling mechanisms occuring in the early 
phases of an ISDN call. 

In this example the layer 3 signalling process of 
TE, is stimulated into action by the abstract user event 
represented by the CONNECT-REQUEST primitive. In 
a real system, the form of this user event (that the 
primitive can be used to model) is very much 
dependent on the equipment involved. If the 
equipment were a computer system, then the event is 
likely to be a message passed to the layer 3 signalling 
process. However, for a simple piece of equipment, the 
real user event may well be the lifting of a switch-hook. 

Once the TE, signalling process “knows” that an 
ISDN connection is required it “talks” to the exchange 
signalling process via a sequence of layer 3 signalling 
messages. The exchange layer 3 signalling process 
interworks with the CCSS No. 7, which establishes an 
across-the-network signalling association to the 
destination exchange. This association does not carry 
the actual D channel layer 3 signalling messages but 
does carry some of the information elements (section 
3.3.3) from one ISDN user-network interface to the 
other (ie. inside the CCSS No. 7 Message Signalling 
Unit). 

At the destination exchange interworking between 
CCSS No. 7 and the D-channel protocol block results 
in a layer 3 signalling message being sent to offer the 
call to all of the terminals connected to the target S 
interface or T interface. The CONNECTINDICATION 
primitive makes the user at TE, aware of the offered 
call. 

In this example only one terminal is on the 
destination interface. The user indicates acceptance of 
the call (CONNECF-RESPONSE) and ultimately this fact 
is made known to the caller (CONNECE-CONFIRM). 


5.4 ESTABLISHING AN ISDN CALL 

The layer 3 signalling messages used to set up an 
ISDN call will always be chosen from what can be 
termed the “Call Set Up” group. This group and its 
members are illustrated below. Those messages in 
brackets are proposed additions (as of Oct-Nov 1985) 
for inclusion in the 1986 version of 1.451. 
Call Set Up Group 
Alerting 
Call Proceeding 
Connect 
Connect Acknowledge 
Setup 
Setup Acknowledge 
Information 
(Negotiate) 


® (Negotiate Complete) 
® (Progress) 


Network 


Signalling 
Association 


D-channel 
Protocol Block 


Interworking 


Release 
Release 
Complete 


Fig. 5.36 — An allowed layer 3 signalling dialogue 


(Fig. 5.3b) illustrates an allowed signalling dialogue 
(in the form of a time sequence diagram) for the 
establishment of an ISDN call initiated by terminal TE,. 
The time sequence signalling diagram of figure 5.3b 
is related to the physical arrangement of figure 5.3a, 
where only terminal D-channel access is shown (to 
improve clarity). Referring to this diagram the use of 
the messages of the Call Set Up group is easily 
explained. 

To effect an ISDN connection, terminal TE, sends 
a SETUP message to the local exchange. If that message 
does not contain all of the information (i.e. in its 
information elements) necessary to establish a call (e.g. 
no destination address) the network returns a SETUP 
ACKNOWLEDGE and awaits the required information. 
This information is sent by the terminal in a series of 
INFORMATION messages. Once the exchange is able 
to proceed with the call it sends a CALL PROCEEDING 
to the terminal. Note that if the original SETUP message 
had contained all of the necessary information the 
CALL PROCEEDING and not the SETUP 
ACKNOWLEDGE message would have been sent in 
response. 
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Once the network is able to proceed with the call 
(ie. all necessary information is available to the 
exchange), a signalling association over CCSS No. 7 is 
established between the calling and called exchanges. 
Interworking between CCSS No. 7 and the exchange 
D-channel protocol block serving the target ISDN 
customer installation results in an ISDN call being 
offered via a broadcast SETUP message to all 
connected terminals. Any terminal that is capable of 
accepting the offered call (see more detailed 
discussions on compatibility checking in section 5.4.2) 
can attempt to answer. If a terminal can accept the call 
immediately it may return a CONNECT message. If it 
is capable of accepting the call but cannot do so 
immediately a terminal can return an ALERTING 
message to indicate its interest (at the same time the 
terminal is likely to be alerting the user to the presence 
of the call). When able to accept the call such a terminal 
will send a CONNECT message. 

The first terminal to issue a CONNECT message to 
the local exchange is awarded the offered call. 
Indication of this award is conveyed to the terminal in 
the form of aCONNECT ACKNOWLEDGE message. All 
other terminals that either issued a CONNECT too late 
or only sent an ALERTING receive a RELEASE (see 
section 5.6) message which indicates that the call is no 
longer available. They, in turn return a RELEASE 
COMPLETE (see section 5.6) message back to the local 
exchange. 

Each of the signalling messages shown in figure 5.3 
carries a number of information elements. It is beyond 
the scope of this paper to discuss in detail all of the 
information elements that might be included in each 
of the messages (see Appendix A at the of Part 2 for 
a brief description of all of the defined information 
elements). However, at this stage it is necessary to 
discuss the important information elements associated 
with setting up an ISDN call. These are: 
® Bearer Capability 
® Channel Identification 
® Lower Layer Compatibility 
® High Layer Compatibility 


5.4.1 SPECIFYING A BEARER SERVICE 

Using the functions provided by the BEARER 
CAPABILITY information element the originating user 
(ie. TE, in figure 5.3) must indicate to its local 
exchange the type of Bearer Service (CCITT 1.211) 
required for the call. From this information the local 
exchange can determine the characteristics required of 
the actual ISDN network connections that will be used 
to support the requested call. 

This indication largely takes the form of an 
architectural specification based on OSI principles. 
Thus, the user can specify that the Bearer Service 
support specific Layer 1, 2 or 3 protocols. In some cases 
(for example a telephony call) only layer | functionally 


f£. 


needs to be specified. In this case the local exchange 
(on the basis of the layer 1 functions specified) is likely 
to choose a simple 64 kbit-s circuit switched ISDN 
connection to support the call. In more complex 
situations the customer may wish to make use of 
network provided layer 2 and layer 3 functions (as well 
as the layer | basic “bit hauling’ function). As an 
example the customer might specify (via the BEARER 
CAPABILITY information element) a Bearer Service 
supporting a 64 kbit-s transparent capability at layer 
1, LAPB (Link Access Procedures Balanced) at layer 2 
and X.25 packet level at layer 3. The ISDN network 
connection chosen by the exchange to support the 
required functionality is likely to be made up of a 64 
kbit-s circuit switched path to an X.25 PSN. These two 
situations are illustrated pictorially in figure 5.4 for the 
simple circuit switched connection) and in figure 5.5 
(for the circuit switched connection to a PSN). Both 
figures show the TE, to ET D-channel connection of 
figure 5.3. 


{ Upper layer H 
} specification | 
i not 

i applicable / 
2 


1 64 kbit/s 


A Bearer Service 
Architecture 


Bearer Capability Network 


Information Element 


D-channel 


Fig. 5.4 — Bearer Service specification for a simple 64 kbit/s ISDN 
network connection 


: not ‘ 
applicable } 


Bearer Capability Network 


Information Element 


D-channel 


Fig. 5.5 — Bearer Capability information element specifying three 
functional layers for a requested Bearer Service 


When initiating a call the ISDN customer has the 
option of using the CHANNEL IDENTIFICATION 
information element to identify the channel at the 
interface structure (see figure 3.2) to be attached to the 
ISDN network connection (as modelled by the Bearer 
Service). If no channel is specified then the local 
exchange will pick an appropriate one and inform the 
terminal of the choice (ie. in a CHANNEL 
IDENTIFICATION information element in the CALL 
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PROCEEDING or SETUP ACKNOWLEDGE signalling 
messages). If a channel is specified and it is available 
and can be connected to the ISDN network connection 
(e.g. it might be incompatible with it) the exchange will 
use it and inform the terminal of the choice, as above. 

Bearer Service negotiation between the calling user 
is an option that might be included in the 1986 version 
of 1.451. It involves two situations; those of user initiated 
negotiation and network initiated negotiation. 

For user initiated negotiation the original SETUP 
message contains a prioritized list of Bearer Service 
specifications in mulitple BEARER CAPABILITY 
information elements. If the network cannot support 
the first requested Bearer Service, the CALL 
PROCEEDING message is followed by a PROGRESS 
message the next highest priority Bearer Service which 
is available. 

Network initiated negotiation may occur when a 
requested Bearer Service is not available and the 
customer hasn't provided a list of alternatives. In which 
case a NEGOTIATE message indicating the Bearer 
Service selected by the network is sent. The customer 
may accept this alternate Bearer Service by returning 
a NEGOTIATE COMPLETE message or initiate call 
clearing (see section 5.6) if the choice is unacceptable. 

As telecommunication technologies evolve, the 
ability of telecommunication networks to support a 
wider range of increasingly more sophisitcated (ie. 
more capability than just a transparent 64 kbit-s circuit 
switched connection) network connections should grow. 
The layer 3 signalling protocol can easily cater for 
changing technologies through the BEARER 
CAPABILITY information element. The ISDN customer 
doesn't specify actual network connections for a call. 
Rather, a functional profile required of the connection 
is specified. Thus, it is possible, in the future to use the 
BEARER CAPABILITY information element to specify 
a Bearer Service featuring a 10 Mbit-s capacity and be 
oblivious to the fact that it is being supported by an 
‘optical’ network connection. 


5.4.2 COMPATIBILITY CHECKING 

If an ISDN call is directed to a Basic access interface 
it is offered to all of the connected terminals (whether 
engaged in a call or not) via a SETUP message 
broadcast on the D-channel (see figure 5.2). A terminal 
must first determine if it is compatible with the call 
before it is able to accept it. It does so by examining 
the BEARER CAPABILITY, CHANNEL IDENTIFICATION, 
LOWER LAYER COMPATABILITY AND HIGH LAYER 
COMPATIBILITY information elements. 

The BEARER CAPABILITY information element 
describes the architecture of the Bearer Service 
supporting the call (i.e. in the same way that a terminal 
may ask for a Bearer Service, the local exchange may 
specify one that is being offered in support of a call) 
and the CHANNEL IDENTIFICATION § information 
element indicates the channel that the exchange has 


chosen to connect to the ISDN connection. Figure 5.6 
illustrates a call offered to terminals TE, and TE of 
figure 5.3 in which the full three layers of the Bearer 
Service have been described. 


: Upper layer! 

A Bearer Service ‘specification; 
Architecture ' not ‘ 

! applicable ; 
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Network ws 
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B channel by selecting 


from my library of f ‘ 
‘U I H 
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' not ' 
; applicable : 


Fig.5.6 — ISDN terminals msut be compatible with the Bearer Service 
on which an ISDN call is offered 


Terminals connected to a Basic Access interface will 
always be incompatible with a call if they cannot use 
the channel specified in the CHANNEL 
IDENTIFICATION information element. Incompatibility 
also occurs if they cannot support the protocols 
necessary to use the offered Bearer Service. In figure 
5.6 a terminal must be able to support X.25 Packet and 
Data Link Levels atop a 64 kbit-s transparent 
connection in order to accept the call (ie. the call is 
probably over a PSN with a circuit switched connection 
to the local exchange). If, as in the case of TE, it cannot 
support this protocol hierarchy then it cannot accept 
the call. However, another option is available. Because 
the terminal has received a profile of the proferred 
Bearer Service it may be able to reconfigure itself to 
be compatible with that profile. This is shown for TEc 
in figure 5.6. 

Whilst the BEARER CAPABILITY information 
element may be able to describe a myriad of Bearer 
Services only a small number of these will ever be 
supported by real networks. However, it may be that 
an ISDN customer requires a terminal to terminal 
communication using protocols that would normally be 
considered part of a network provided Bearer Service, 
but which are not supported. To cater for such an 
eventuality the LOWER LAYER COMPATIBILITY 
information element has been defined by CCITT. The 
calling terminal (TE, in this case, see figure 5.3) asks 
for a simple Bearer Service (i.e. layer | functionality 
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only) such as 64 kbit-s transparent connection. It then 
indicates to the far end terminals via the LOWER 
LAYER COMPATIBILITY information element that atop 
this service will sit specific layer 2 and 3 protocols. Thus 
once a terminal (TE, or TE;) has ascertained that it can 
handle the Bearer Service it must check that it can 
handle any special “user protocols’ that may also be 
specified. The LOWER LAYER COMPATIBILITY 
information element can only be used if the Bearer 
Service does not occupy the full three layers it is 
allotted. The two are complementary. Thus, if a Bearer 
Service of layer | and layer 2 functionality is involved 
then the LOWER LAYER COMPATIBILITY information 
element can be used by end terminals to arrange 
between themselves a layer 3 protocol to sit atop the 
two layers of the Bearer Service. The contents of the 
BEARER CAPABILITY information element is of local 
significant (i.e. between ISDN terminal and exchange) 
whilst the contents of the LOWER LAYER 
COMPATIBILITY information element is transported 
transparently by the network between correspondent 
terminals. 

The BEARER CAPABILITY and LOWER LAYER 
COMPATIBILITY information elements allow a called 
terminal to obtain a complete profile of the lower three 
layers (in an OSI sense) of a proposed communication. 
On the basis of this, a call can be rejected (or terminals 
reconfigured) without using more than the signalling 
association established across the Network. 

To provide a complete profile of a call, details of 
layers 4 to 7 of the proposed communication need to 
be transmitted to the called terminals. This will be 
achieved using the HIGH LAYER COMPATIBILITY 
information element, the format of which has been left 
by CCITT for further study. 

For an ISDN terminal to be compatible with a call 
it must ensure: 
® compatability with the Bearer Service offered by the 

network 
® compatibility with any enhancements to that service 
(ie. layers 1, 2 and 3) initiated by the calling terminal 
® compatibility with any Higher (i.e. layers 4 to 7) layer 
protocols that the calling terminal expects to use. 

As well as the ability to use the specified channel 
(te. in the CHANNEL identification information 
element). 


5.5 THE INFORMATION PHASE OF AN 
ISDN CALL 

Once the D-channel signalling dialogue results in 
a network wide (ie between calling and called 
interfaces) connection for user traffic the customer has 
two ‘parallel’ communications channels, the first is the 
network connection (or connections) that supports the 
Bearer Service requested by the customer and the 
second is the network signalling association. Figure 5.7 
illustrates this situation for a call using a simple 64 kbit-s 
network connection (i.e. the Bearer Service requested 
by the customer has layers 1 functionality only). 


Signalling 
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network connection 


NETWORK 


CCSS No.7 .-~ 
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Fig. 5.7 — Terminals communicating via a simple 64 kbit/s switched 
Bearer Service and a signalling association 


During the information phase of an ISDN call a 
customer can not only transfer information along the 
supplied network connection but can also: 
® invoke supplementary services 
® transfer user information along the network 

signalling association. 

The D-channel layer 3 messages that provide the 
above capabilities to the customer fall into two groups. 
In this paper they are referred to as Service Invocation 
and User Control groups. Figure 5.8 lists the messages 
of both groups and also includes (in brackets) proposed 
extensions (as of Oct-Nov. 1985). 
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Fig. 5.8— Messages of the Service Invocation and User Control groups 


5.5.1 SERVICE INVOCATION 
The messages in this group can be further 

subdivided as shown above. This is done on the basis 

of whether they are associated with: 

®a_ specific service (specific service invocation 
subgroup) 

® services in a generic sense (Generalized service 
invocation subgroup) 
or 

@ whether they are designed to replace existing 
messages (‘‘stimulus’’ replacement of the 
Generalized and Specific service subgroups). 
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At first glance, the first two of the above subgroups 
are easily understood. The third subgroup has to do 
with the on-going issue of service invocation at the 
ISDN user-network interface. 

To fully appreciate the reason for its existence a 
historical perspective is necessary. This will be provided 
in the following as the messages of the Generalized and 
Service specific service invocation sub groups are 
described. 


5.5.1.1 SUSPEND AND RESUME 

During the period of signalling message 
development prior to the stimulus debate, the question 
of services was being tackled on a message basis. That 
is, when the need for a new service was identified a 
new set of layer 3 messages and their associated 
dialogue was defined. A perfect example of this is the 
SUSPEND-RESUME set of messages of the Specific 
service invocation group. 

CCITT identified the need to provide the customer 
with the capability to physically relocate an ISDN 
terminal during the course of a call. Such relocation 
would necessitate the physical disconnection of a 
terminal. Thus, procedures that would allow a customer 
to temporarily suspend a call in an orderly fashion and 
then resume it were essential. Defined for this task were 
the SUSPEND and RESUME suite of message (ie. 
including ACKNOWLEDGE and REJECT forms) of the 
Specific service subgroup. Figure 5.9 illustrates the 
defined signalling dialogue for a successful call 
suspension and resumption. 
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Fig. 5.96 — Successful call suspension and resumption 


Once a suspend request is granted the call’s access 
signalling link (see section 5.2) is released (ie. the 
exchange releases the Call Reference, see section 2.1.2 
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of Part 2) and any associated B-channels are “reserved” 
until the call is reconnected. 

The STATUS message in figure 5.9 is used to 
provide the far end of an ISDN connection with an 
indication of the near end’s call suspension or 
resumption activities. This message was defined much 
later than SUSPEND and RESUME and was seconded 
to provide the indication just described. It is in fact, 
a general purpose message used to transfer user- 
network interface status information between exchange 
and terminal equipment. As shown in figure 5.9 the new 
NOTIFY message is likely to be used in 1986 to give 
far end indications of call suspension and resumption. 


5.5.1.2 GENERALIZED SERVICE 
CONTROL 


Whilst the message based approach that was 
leading towards specific messages for specific services 
was adequate, it was recognised (Mikelaitis, Nov 1983) 
that it would lead to a message explosion. The first 
attempt to contain this explosion was to define a 
general set of service invocation messages, namely: 
® Register 
Register Acknowledge 
Register Reject 
Facility 
Facility Acknowledge 
Facility Reject 
Cancel 
Cancel Acknowledge 
® Cancel Reject 
® Status 
® (Status Enquiry) 
® (Modify) 
® (Modify Complete) 
® (Modify Reject) 

With the definition of the above messages it was 
possible for a customer to register a new service to his 
or her ISDN address, to request a facility on a per call 
basis or to cancel a requested facility or registered 
service. 

In the simplest case a customer could attempt to 
register a new service by sending a REGISTER message 
to the local exchange. If the network accepts the 
registration request it causes a REGISTER 
ACKNOWLEDGE to be returned to the customer. If the 
request is rejected a REGISTER REJECT is returned. The 
actual service which is the subject of the REGISTER 
message exchange would be specified in an 
information element (i.e. either the CCITT 
STANDARDIZED FACILITIES or NETWORK SPECIFIC 
FACILITIES information element). 

To invoke (on a per call basis) a registered or 
normally-provided service, the customer would send 
a FACILITY message (with the service coded in either 
of the previously mentioned information elements) to 
the local exchange. The exchange could accept the 
request and provide the service or reject it. 
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Finally, to cancel a service the customer sends a 
CANCEL message to the local exchange. If the network 
accepts the cancellation request it returns a CANCEL 
ACKNOWLEDGE to the customer. If not, a CANCEL 
REJECT is returned. As in the previous cases the service 
is specified in either the CCITT STANDARDIZED 
FACILITIES or NETWORK SPECIFIC FACILITIES 
information element. 

In addition to the REGISTER, FACILITY and 
CANCEL message suites the STATUS and MODIFY 
message groups fit into the class of Generalized Service 
Control. The STATUS message suite is used (in general) 
to transfer status information between a terminal and 
local exchange. Typically a STATUS message is issued 
when an unexpected message is received. The STATUS 
ENQUIRY message is a proposed 1986 extension which 
allows either terminal or exchange equipment to solicit 
a STATUS message from a peer layer 3 process. That 
is, a terminal can be forced to tell an exchange what 
its current state is. 

The MODIFY message group is a proposed 
extension allowing a change of Bearer Service during 
the course of a call and might be typically used to signal 
for alternate speech-data capability on a single ISDN 
connection. 


5.5.1.3 INVOKING SERVICES VIA THE 
INFORMATION MESSAGE 
The approach to service invocation detailed in 
section 5.5.1.2 appears to be general enough to cater 
for all eventualities. However, it relies on either of two 
CCITT defined information elements, namely: CCITT 
STANDARDIZED FACILITIES or NETWORK SPECIFIC 
FACILITIS. An approach that (in line with the current 
stimulus arguments) is considered too inflexible. 

To avoid the service message explosion and to 
bypass inadequacies in the current CCITT service 
information elements stimulus terminals use the 
INFORMATION message to replace all of the previously 
discussed service messages and the stimulus KEYPAD 
and DISPLAY information elements to carry specific 
service information. 

Note that a great many stimulus information 
elements specifically designed for service description 
are listed for further study in Recommendation 1.451. 
The following is a small example of those information 
elements being considered: CHARGING METHOD 
SELECTION, CHARGE ADVICE, CLOSED USER GROUP 
SELECTION, HOLD, SUSPEND, RESUME, SELF-TEST 
INQUIRY. 

At present the messages and information elements 
used to register and invoke supplementary services are 
not clear. It is an area that must see intense activity 
within CCITT if the ISDN user-network interface is to 
become an effective standard. 


5.5.2 USERTO-USER-SIGNALLING 
During the information phase of an ISDN call two 
communicating terminals can exchange information via 


the CCSS No. 7 signalling association (see figure 5.7) 
as well as via the requested ISDN network connection. 
This out of band information transportation medium 
offered by the network signalling association places a 
powerful tool for communication control into the hands 
of the customer. For example, terminal-to-terminal 
communication over CCSS No. 7 can be used to co- 
ordinate terminal mode changes without interrupting 
the communication on the ISDN network connection. 

The means by which terminal equipment transfer 
user-to-user signalling into and out of the network is 
dependent on whether they are operating in th 
functional or stimulus modes. Furthermore, there ar 
a number of options in each case that further extend 
the possible ways in which user-to-user signalling is 
transferred. The following will detail the most probable 
approaches to be adopted by stimulus and functional 
mode terminals. Although it should be realized that this 
is likely to be an area that will see some degree of 
CCITT activity in the 1985-1988 Study Period. 

The network and functional mode terminals use the 
following messages to effect user-to-user signalling 
information transfer into and out of the network: 
® User Information 
® Congestion Control 

The USER INFORMATION message is used to 
transfer information (ie. the actual user-to-user 
signalling information is encoded in the USER-USER 
information element carried by the user information 
message) between terminal equipment and the local 
exchange. Whilst the CONGESTION CONTROL 
message provides the network with the means to flow 
control the entry of user-to-user signalling traffic into 
CCSS No. 7. The CONGESTION CONTROL message 
carried a CONGESTION LEVEL information element 
that can be set to either: 

@ Receiver-ready 
® Receiver-not-ready 

Figure 5.10 illustrates the use of USER 
INFORMATION and CONGESTION CONTROL 
messages. Note that the information elements carried 
by the previously mentioned messages are explicitly 
implied by the bracketed values associated with each 
message (i.e. DATA indicates user-to-user signalling 
information encoded in the USER-USER information 
element and RR or RNR indicate the two values, 
receiver-ready and receiver-not-ready that can be taken 
by the CONGESTION LEVEL information element). 

The customer transfers USER INFORMATION 
messages into the network. The local exchange extracts 
the USER-USER information element and sends it via 
CCSS No. 7 to the destination exchange. At this point 
the USER-USER information element is placed into a 
new USER INFORMATION message and sent on to the 
destination terminal. This will continue unless the local 
exchange sends the transmitting terminal a 
CONGESTION CONTROL message with its 
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CONGESTION LEVEL information element set to 
receiver-not-ready. Upon receipt of this the customer 
ceases transmission of USER INFORMATION messages 
until another CONGESTION CONTROL message is 
received with the CONGESTION LEVEL information 
element set to receiver-ready. Note that if the customer 
persists in sending USER INFORMATION messages 
once the local exchange has exerted flow control, the 
message content will be thrown away. 

Stimulus mode terminals will transfer user-to-user 
signalling information into the network via the KEYPAD 
information element carried in an INFORMATION 
message. At the destination exchange the user-to-user 
signalling information (transported by CCSS No. 7) will 
be placed into a DISPLAY information element if the 
destination terminal operates in a stimulus mode or 
a USER-USER information element if the terminal 
operates in a functional mode. Once the information 
is placed into the appropriate information element it 
is sent to the destination terminal in a USER 
INFORMATION message. 


Network 


Signalling 


ies D-channel 
Association 


Protocol Block 


Interworking 


TEA ET ET TEg TE 


TE, ET ET 


i TE, 


User Info <Data> 


User Info <Data> 


User Info <Data> 


User Info <Data> 


Fig. 5.10b— Use of USER INFORMATION and CONGESTION 
CONTROL messages for functional mode terminals. 


5.6 TERMINATING AN ISDN CALL 

ISDN calls are terminated either from the network 
or terminal equipment using layer 3 messages from the 
Call Disconnect group. The messages from this group 


are listed in figure 5.11, together with two proposed 
extensions in brackets. 


e CALL DISCONNECT GROUP 


DETACH 

DETACH ACKNOWLEDGE 
DISCONNECT 

RELEASE 

RELEASE COMPLETE 


(RESTART) 
(RESTART ACKNOWLEDGE) 


Fig. 5.11 — Messages of the Call Disconnect group 


ISDN calls can be terminated in either a single, or 
a two-stage fashion. In addition to this the proposed 
RESTART messages will allow one side of the user- 
network interface to request the other to return to some 
idle condition. Thereby making it possible to restart a 
call without having to tear down the ISDN connection. 

In a single-stage termination all associated B- 
channels and the controlling access signalling link (of 
the D channel) are released for re-use by the other 
terminals on the interface structure. In a two-stage 
termination the access signalling link is maintained 
whilst the B channels it controls are made available for 
re-use. Two-stage disconnection allows the network and 
the customer to enter into further communication 
(which could, for example, involve the transfer of call 
charging information) without tying up the wider 
bandwidth B-channel resource. 


5.6.1 FUNCTIONAL MODE TERMINALS 

Figure 5.12 illustrates a number of possible 
disconnection signalling sequences initiated by the user 
and network for functional mode terminals. In all cases 
terminal disconnection is a local matter (i.e. between 
the terminals on an interface and their local exchange). 
Thus, disconnection of one terminal in a call does not 
necessarily imply the synchronized disconnection of 
all other terminals involved in the same call. 
Furthermore, the mode of disconnection (ie. single or 
double stage) is also a local matter. 

Single-stage disconnection of two functional mode 
terminals (TE, and TE¢) is shown in figure 5.12a. In this 
case terminal TE, executes the procedures for user 
initiated single-stage disconnection and terminal TE ¢ 
the procedures for network initiated disconnection. 

Figure 5.12b illustrates the two-stage disconnection 
of functional mode terminals (TE, and TEc). Terminal 
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TE, wishes to hold the access signalling link (for 
example, to supply some call related statistics or 
charging information as part of a registered service) it 
sends a DETACH message (instead of a RELEASE as 
in figure 5.12a). Terminal TE, acknowledges this partial 
disconnection with a DETACH ACKNOWLEDGE 
message. At this stage the call is in the DETACH state, 
any B-channels used in the call have been released for 
re-use by other terminals in the same interface structure 
but the access signalling link is still active. 

When the user signalling link is to be finally 
released, the network sends a DISCONNECT to the 
terminal, whereupon the single-stage procedures for 
the network initiated DISCONNECT of figure 5.12a are 
followed. 


Network 


Signalling 
Association 


D-channel 


ineiworsing Protocol Block 


Release Complete 


Disconnect 


letach Ack 


elease Complete 


Fig. 5.126 — Two-stage disconnection for functional mode terminals. 


Proposed changes (for 1986) to this sequence have 
been made whereby only the RELEASE and RELEASE 
COMPLETE messages are used (see figure 5.12b). That 
is, either side of the user-network interface can request 
the Release of the (local) Call Reference with the 
RELEASE message and expect a RELEASE COMPLETE 
back as confirmation. 


A terminal cannot at present elect to initiate a two 
stage disconnection. However, it can respond to a 
network initiated disconnect in a manner that results 
in a two stage disconnection. In Figure 5.12b the far 
end terminal TEc has opted for a two stage 
disconnection by returning a DETACH message in 
response to a network initiated disconnection. (Note 
that the terminal could also have effected a single stage 
disconnection). The choice between single and two 
stage disconnection is simply dependent on whether 
or not some final communication is necessary between 
the terminal and local exchange and whether it is local 
practice not to tie up B-channel resources during this 
final communication. 

At present the disconnection sequence is a one- 
way path. That is, it is not possible to resurrect a call 
once two stage disconnection has been entered into. 
This situation is unnecessarily restrictive especially 
when considered against the fact that at present if two 
communicating terminals both enter into the DETACH 
stae they can still transfer user-to-user signalling 
information between themselves across the CCSS No. 
7 signalling association. 

If call resurrection or reallocation of network 
resources were allowed, a terminal could go down into 
two stage disconnection to drop a specific network 
resource, or gain a new one and then go back to a call 
active state. Then two co-operating terminals could 
manage their use of network resources by dynamically 
requesting and dropping network resources through 
the two stage disconnection mechanism. 

Network resource allocation is an important issue 
which may force an extension to the current layer 3 
disconnect procedures during the 1985-88 Study 
Period. If this does not occur, then it will be left to some 
as yet undefined “higher layer’ procedures to build 
upon the existing layer 3 protocol to provide the 
customer with an easy to use means to manage (during 
the course of an ISDN call) his or her use of network 
communication resources. 


5.6.2 STIMULUS MODE TERMINALS 

Figure 5.13 illustrates the only disconnect 
sequences presently available to stimulus mode 
terminals. Terminal TE, initiates a disconnection (by 
sending a DISCONNECT message to the network) and 
follows the single stage termination procedures used 
by functional mode terminals (terminal TE, of figure 
5.13a). Upon receipt of a network initiated 
DISCONNECT message stimulus mode terminals 
(terminal TE¢ of figure 5.13) invoke procedures to effect 
a single stage disconnection (ie. release of he user 
signalling link and associated B channels). However, 
these procedures are dissimilar to those used by 
functional mode terminals (see terminal TEc in figure 
5.1 2a). 

Differences between the signalling procedures 
(especially for call connect and disconnect) used by 
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functional and stimulus mode terminals need not exist. 
This is because the principal difference in 1985 between 
the two modes of terminal operation lies in the use of 
information elements carried by the signalling 
messages. However, it is a historical fact that the 
stimulus debate did spill over into the definition of the 
layer 3 disconnect signalling dialogue. It is the author's 
hope that during the present (1985-1988) CCITT Study 
Period, unnecessary differences in the signalling 
dialogues used by stimulus and functional mode 
terminals can be eradicated. 


Network 


Interworking * 
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D-channel 
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Protocol Block 
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Release 


Release 


Release 
Complete 


Release Complete 
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Fig. 5.13 — Disconnection sequences for two stimulus mode terminals 
(TE,a and TEc) 


5.7 CONCLUSION 

The previous sections have used the three phases 
of an ISDN call (i.e. call connect, information transfer 
and call disconnect) to illustrate the use of the layer 
3 signalling messages. During the course of the 
description differences between the signalling 
dialogues used by stimulus and functional mode 
terminals were highlighted. Specifically the use of the 
INFORMATION message for service invocation by 
stimulus mode terminals and the different responses 
to a network initiated disconnect. These differences are 
summarized in the Venn diagram of figure 5.14 in which 
the use of layer 3 messages by stimulus and functional 
mode terminals is illustrated. Note that the proposed 
extensions to the message set are not included here, 
since in many cases their use has not yet been clearly 
defined by CCITT. 

As illustrated in figure 5.14 stimulus mode terminals 
use a subset of the full layer 3 message set. They have 
no need of disconnect messages associated with two 
stage disconnection and are likely to use the 
INFORMATION message for all service invocation. They 
also will not use the STATUS message (see footnote). 

To finally summarize this chapter consider 5.15 
which is a collection of the four major call control 
groups discussed in the preceeding sections. 

The above partitioning significantly aided in the 
logical presentation of the use of layer 3 messages. 


However, it should not be used as a definitive statement 
of all possible call control functions made available to 
the customer by specific messages. As an example 
consider the concept of user-to-user signalling which 
was described in terms of the USER INFORMATION 
message and the information phase (see section 5.5.2) 
of an ISDN call. In fact it is possible for user-to-user 
information to be transported in a number of messages 
of the call setup and disconnect groups. Furthermore, 
the STATUS message, whilst described in terms of 
service invocation, is a general purpose carrier of status 
information between terminal and exchange 
equipment. It can be used at any time during an ISDN 
call. 

The current (1985) Recommendation 1.451 contains 
many options that for reasons of space cannot be 
pursued in this paper. The author has attempted, in this 
signalling chapter to highlight the major characteristics 
of layer 3 signalling as they exist in early 1985. If the 
reader desires more detailed information he or she is 
referred to CCITT Recommendation 1.451. 
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Fig. 5.14 — Stimulus mode terminals use a subset of the available layer 
3 message set 
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Fig. 5.15 — Layer 3 messages categorised by call control function. 
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Footnote: 

The reason behind the non-use of the STATUS message lies in the fact that 
it can be used to force a terminal to report its current call state. At present this 
call state information must be a number that is one of the defined states of the 
Finite State Machines used in Recommendation 1.451 (see section 2 of 1.451) 
to describe the layer 3 signalling protocol. Stimulus mode terminals will not have 
this information available in a form consistent with the requirements of the status 
message. 


Peter Mikelaitis is currently a Principal Engineer with the Customer 
Access Section of the Cutomer Services and Systems Branch of the 
Telecom Research Laboratories. Since 1982 he has been investigating 
topics associated with ISDN. In particular he has been able to make 
several well received contributions to CCITT in the area of SDL 
descriptions of the layer 3 D-channel signalling protocol. More 
recently (1986), his research has been directed towards the problems 
associated with the Value Added Service (VAS) provision on current 
and emerging telecommunication infra-structures and the delivery 
of these services to the customer's desktop. This work encompasses 
such topics as: 

— the evolution of Information Gateways such as Telecom's new 

Link product, 

— the delivery of VAS to the customer via Personal Computers, 

— the design of user interfaces for VAS delivery, 

— the role of “Artificial Intelligence’ in VAS delivery. 
Peter received the Bachelor of Engineering and Master of Engineering 
Science degrees in 1976 and 1978 respectively from the University 
of Melbourne 
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The history of telephone switching 
technology in Australia 


This year being the bicenterinial year for Australia it 
is interesting to reflect that in 1888 every capital city in 
Australia had its own magneto telephone exchange. 
Therefore, Australia has over a hundred years of telephone 
switching history, much of which has been developed to 
meet the unique requirements of a vast continent with a 
small and scattered population. The Telecommunication 
Society of Australia believes that the bicentennial 
celebrations are focusing on the traditions and history 
which have been often taken for granted in this country. 
In short, many Australians are now becoming aware of 
their heritage and contributions made by fellow 
Australians to progress and the provision of our lifestyle 
and standards of living. This is enshrined in many ways. 
So far as communications are concerned there is no better 
example than the development of the Australian 
Communications Network over the last hundred years. Mr 
A. H. Freeman has recently completed a history of 
Telephone Switching Technology in Australia as part of 
this recording of Australian achievements. 

Mr A. H. Freeman will be remembered for his 
Monograph No. 4 on ‘Automatic Telephony in the 
Australian Post Office’ published in 1973. Many of the 
readers of this Journal will recall the valuable information 
contained in Mr Freeman’s Monograph. It became quite 
famous in developing the thinking of switching people 
from step by step systems to register control switching. 
The Monograph was particularly important because it 
explained the impact of network specifications and the 
more economic network development possible with 
register controlled systems. The development of 
subscriber trunk dialling (STD) services using crossbar 
equipment was explained in the same publication. The 
principles involved have been applied since then to 
provide Australia with an economic, effective and reliable 
network. Many of the Journal readers at that time were 
indeed appreciative of the information obtained. 

Mr Freeman was encouraged by Telecom Australia to 
compile the History of Telephone Switching Technology 
in Australia. Although he is now retired he was 
commissioned to record the developments that have been 
the substance of the vast network which now serves the 
communication needs of Australia. The 
Telecommunication Society of Australia is proud to be 
associated with this important project and proposes to 


publish a Monograph later this year as the means of 
making the information available to a wider audience. The 
monograph will consist of seven chapters complete with 
appendices and references. The chapters will cover the 
following aspects of Australia’s switching history: 

1. Network Developments to 1939 

. Switching Technology to 1939 

Network Developments 1939 to 1960 

Switching Technology 1939 to 1960 

Network Development 1960 to 1981 

Switching Technology 1960 to 1981 

Technology Principles, 

Appendices, Tables and Charts, References 

It will be seen that the subject has been divided 
between Network Developments and the corresponding 
Switching Technology. Mr Freeman has clearly 
distinguished the history from the knowledge of the 
switching technology used to implement network 
development. The manuscript is extremely interesting and 
readable. No prior knowledge or deep technical 
background is required to appreciate this treatise on this 
interesting topic. 

The monograph is currently being typeset and it 
should be available shortly. In Vol. 37 No. 3 (December 
1987) the Board of Editors invited readers interested in 
purchasing the monograph to indicate their requirements 
accordingly. The response was overwhelming. In case you 
missed the December 1987 issue or that general invitation, 
there is still time. 

The price for the Monograph has not yet been set. 
In keeping with the policy of the Society which is to 
provide members with low cost publications, negotiations 
are proceeding with various authorities who might wish 
to share the cost of production. It is expected that the 
monograph will be available to Society members for 
approximately $5.00. A returnable coupon has been 
placed below to indicate your interest in purchasing a 
copy. Would you please send the coupon to the General 
Secretary to ensure sufficient copies are printed in the 
initial production order. 


POs Seve? 


To the General Secretary 
Telecommunication Society of Australia 
Box 4050 GPO 

MELBOURNE VIC 3001 


| am interested in purchasing a copy of Monograph No. 5 


(The History of Telephone Switching Technology by A.H. Freeman) 


Please print the following: 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. | 1988 


HERE ARE JUST SOME OF THE REASONS WHY 
COMMUNICASIA/INFOTECHASIASS 
IS ASIA'S PREMIER 
COMMUNICATION EVENT 


It’s the total electronic Fill out the coupon below to receive a 
communication event complete exhibitor list and general 
Everything you need to solve your exhibition information 

communication problems will be there, in The conference will address key 
all forms, voice image data, text. industry issues. 
There’ll be more This year’s conference 
than 400 entitled ‘ISDN and the 
exhibitors network in transition’ 
from 25 will see over 50 major 
countries s_| international speakers 
And an exhibitor list examine the issues 
that reads like awho’s affecting the world 
whoof the communi— of communications 
cation industry — dodaw ane 
Philips, L M Ericsson, eas 

omorrow. Send 
AT&T,NEC, Alcatel, for the full 
Northern Telecom, Plessey ii ln 
and PTT administrations r 

programme an 

from around the world. registration details. 


There’ll be many exciting 
new products 
Many companies will be 
launching their new interested in exhibiting ,please 
products at Communic- contact your Australian coordinator 
Asia/InfotechAsia 88. _ Ms Lesley Elsworth at Australian 
Makesure you don’t miss them. Exhibition Services. Tel: (03) 267 4500 
Fax: 2677981 Tlx: AA 89329 


oO Bo ee oe eee = 
COMMUTE § ld I am interested in visiting 
CommunicAsia/InfotechAsia88 


The 5th Asian International Electronic (1B 3 ice iets 
Communication Show & : ease send me a complete exhibitor list for 
w & Conference CommunicAsia/InfotechAsia88, product 


| 
| 
| 
© | information and details of special travel 
mic@ciAstal|:) | = 
| 
| 


5% discount on all 
bookings received before 
Ist May 1988.If you’re 


The 8rd Asian Computer Communications [ ] Please send me the conference programme 
and Information Systems Show & Conference. 


8-11 June 1988 World Trade Centre Singapore 


Supported by the Singapore Exhibition Services Pte Ltd | 
=. ‘al 11 Dhoby Ghaut # Ci 0927 
Tel 


| Attach your business card and return to: 
Singapore Exhibition Services Pte Ltd 11 Dhoby 
Ghaut, #15-09 Cathay Building, Singapore 0922. 


TJA 88/3. 


a 
ge? 
z .-) 
v 3 
3 
2 
] 
a 
22 
D 
ny 
N 
8 
8 
Qe 
Qs 
52 
Qo 
mec 
a XE 
5 ey 
a a 
ie 
aes 
A 
2D 
eae 
3 
a 
Fy 


The Iterra Network Service 


R.N. Dunne 


Telecom entered the satellite age in January 1986 when the Iterra Network Service was commissioned. 
Since that time the service has grown and interest in it is widespread, particularly throughout the 
mining and mineral exploration industries. Interest from key Departments in both State and Federal 
Governments has also been noticed. This paper describes the INS from an operational viewpoint 


with particular emphasis on its place as a premium service offered by Telecom Australia. 


INTRODUCTION 

ITERRA is the name assigned to those services 
provided by Telecom Australia which use the national 
communications satellites owned and operated by 
AUSSAT Pty. Ltd. Launch of the first satellite late in 1985 
prepared the way for the introduction of the first 
ITERRA service in February 1986, the ITERRA Network 
Service (INS). 

Telecom is currently leasing a single transponder from 
AUSSAT. This is used for both the INS and the ITERRA 
Business Service (IBS), a separate service which provides 
data transmission facilities for corporate customers. The 
INS is a telephony based service using FM modulation 
techniques for voice transmissions, via the satellite with 
Control signal messages transmitted at 1200 bit/second. 
The key element of the network is a Main Earth 
Station (MES) at Bendigo, Victoria, which includes 
the satellite RF equipment and a NEAX-61 digital 


exchange which completes the control and logic 
operations for the system. 

Access to the PSTN is via the NEAX with routes 
to Lonsdale 10-C Exchange and overflow to Bendigo 
10-C Trunk Exchange. Direct routes to other capital city 
10-Cs including Perth, Adelaide, Sydney and Brisbane 
are planned for the future. The NEAX-61 provides 
standard Line and Information Signalling into the PSTN 
performing an interfacing function between the PSTN 
and Customer Earth Stations (CESs), issuing and 
receiving control signals via the satellite in a format that 
conforms with protocols developed specifically for the 
INS. Thus, when ‘looking’ toward the PSTN, the NEAX 
is seen as a Standard network node, and when ‘looking’ 
toward the satellite it completes control operations in 
accordance with the satellite protocols. 

All INS customers are allocated a 9 digit national 
number from the range 0071SXXXX where S is unique 
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THE ITERRA NETWORK SERVICE 


to each State and allows for time zone differences in 
respect of call charges. It has been specified to allow 
the connection of a wide range of terminal equipment 
including the connection of ARK equipment at the CES. 
Because of the transmission delays that occur via the 
satellite, a semi-compelled form of MFC signalling has 
been designed to overcome excessive post-dialling 
delays. Echo Suppressors are connected at both ends 
of all INS calls but they can be removed for data 
transmissions by the use of a standard 2100 Hz 
cancelling tone. 


TRANSPONDER ARRANGEMENTS 

The INS employs Ku Band transmissions with an 
uplink frequency range of 14.295-14.331 GHz and a 
downlink range of 12.547-12.583 GHz (Reference 1). 

The system provides standard voice channels 
between the PSTN and anywhere within the AUSSAT 
footprint which covers mainland Australia and beyond. 
Diminishing signal levels several hundred kilometres off 
the coast require large antennas and high powered 
Travelling Wave Tubes as final stage amplifiers. The high 
cost of such earth station equipment effectively sets 
the limit for INS operation. 

The initial installation provided for 40 satellite 
circuits which are Frequency Modulated to have a 
maximum channel bandwidth of 19 kHz. Spacing 
between carriers is 22.5 kHz. The circuits are bi- 
directional and carry traffic from the Customer Earth 


Stations (CESs) to the PSTN and traffic which originates 
in the PSTN. This has now been increased to 80 satellite 
circuits to handle the traffic being generated. The 
selection of a circuit is on a Demand Assignment basis 
with any customer having equal access to any circuit. 
The above system is known as Demand Assign Multiple 
Access (DAMA) with the Bendigo MES allocating carriers 
in the Intermediate Frequency range 52-88 MHz. 
However, because the INS is presently sharing a 
transponder with the Iterra Business Service (IBS), the 
range of carriers is limited to 59-81 MHz. The IBS 
carriers exist in the remaining part of the frequency 
range. It is intended to allocate a separate transponder 
to the IBS in the future, but this will depend on demand 
for both IBS and INS services and upon the availability 
of a transponder from AUSSAT, preferably on the same 
satellite. 

The power levels of all earth stations carriers must 
be kept within predotermined levels to ensure high 
levels do not occur at the satellite. High power levels 
may cause intermodulation products to be generated 
which could interfere with other satellite users, and 
degrade the quality of their INS circuits. A fundamental 
aspect of the INS design is to ensure the total power 
received by the satellite does not saturate the power 
amplifier. Thus all carries are described in terms of their 
‘Back Off’ from saturation and for the Iterra Service they 
are as shown in Figure 2. 
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TYPE OF SERVICE PROVIDED 

The service provided by the INS allows for a circuit 
capacity of 1-14 standard voice channels on a single 
Earth Station. Each circuit has access to the PSTN and 
is able to have the full range of facilities normally 
associated with a modern telephone exchange. These 
include ISD Access, Call Charge Records and Easy Call 
Facilities. Customers may connect a range of terminal 
equipment to the service including Subscriber Private 
Meters and Telephone Information Management 
Services equipment. In addition to the PSTN circuits, 
the INS is also able to meet customer needs in respect 
of private line and private network development by 
allowing access between CESs without physically 
connecting via the MES. The MES can set up and 
supervise a call from CES to CES directly via the 
satellite (single hop call). The INS can also be used to 
access a wide range of data services offered by Telecom 
including Viatel, Teletext and Electronic Funds Transfer 
at data speeds of up to 9.6 kbit/second. 

A CES can be located anywhere on the Australian 
mainland or offshore and can be either a fixed 
installation which will remain permanently at a site, or 
a transportable which is trailer mounted and can be 
readily towed to a customer's site and commissioned. 
Each CES must be designed to operate with minimal 
outages caused by rain attenuation. The CES design 
therefore takes into account average annual rainfall for 
the site, location of the site in respect of the satellite 
footprint, number of circuits connected and changing 
transponder loading. Generally speaking, the antenna 
size is determined by the uplink power requirements 
of the system and range from 2.4 m to 6.4 m diameter 
(Reference 2). The range of Field Effect Transistor 
output amplifier powers employed is 1.5 W, 3 W, 6 W 
with a 15 W Travelling Wave Tube required at locations 
on the outer fringes of the satellite footprint. 


SATELLITE SIGNALLING PROTOCOLS 
The following methods of signalling between the 


satellite and the Main Earth Station are employed: 

(i) Fast Frequency Shift Keying on a dedicated channel 
(Control Channel) which provides for transfer of 
call set up information from the NEAX to the 
Customer Earth Station using Time Division 
Multiplexing. 

(ii) Frequency Shift Keying over the established telephony 
channel using frequency modulation for transfer 
of a wide range of control signals. 

(iii) Out of Band (3825 Hz) E&M Line Signalling by 
frequency modulation for transfer of supervisory 
signals including metering and call supervision 
over the established telephony channel. 

(iv) A Slotted Aloha technique employed for 
identification of customer call requests (Request 
Channel) (Reference 3). 


CALL SET UP PROCEDURE 

Figure 3 shows the signalling protocols that will 
occur on a typical call from a CES to the Bendigo Main 
Earth Sation up to call conversion stage. 

The Request Channel employs a Slotted Aloha 
technique using a dedicated channel which the CES 
modem will normally be tuned to in its idle state. To 
initiate a request for Dial Tone a customer goes “Off 
Hook” and a message transmission will be made on 
the Request Channel which is decoded at the Main 
Earth Station. Since the Request Channel is common 
to many customers simultaneous call requests may 
occur. Call collisions can be tolerated and will give rise 
to a retransmission attempt after a predetermined time. 
A maximum of three consecutive attempts will be 
made before barring the call. When a collision occurs 
the delay to Dial Tone will be extended but, given the 
overall delay introduced by the satellite link, this does 
not noticably degrade the service. 

The Control Channel transmits from the MES the 
identity of the selected carriers for a particular call (both 
uplink and downlink) and the modems at both CES and 
MES are tuned to these frequencies. 


Fig. 3 — INS Transportable Earth Station is readily towed by a 4 wheel drive vehicle and can be commissioned via Bendigo in less than 30 minutes. 
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Frequency Modulated Voice Transmission can now 
proceed. The FM modems are set to give an RMS 
deviation of 3.4 kHz with a 0 dbmo reference signal 
input. Out of band signalling is used to complete a wide 
range of cirucit surveillance functions and, together with 
Frequency Shift Keying over the telephony channel, 
completes all circuit supervision. 

The SPLIT signal (refer Figure 4) is necessary to 
allow for transmission of data over the speech channel. 
The in band insertion and removal of the SPLIT 
prevents customers hearing data transfers during call 
set up and clear down procedures. 

As VOX (Voice Operated Transmission) is used it is not 
possible to supervise the state of a call by checking 
for carrier. It is necesary, then, to utilise a separate 
Supervisory Signal Interrogate Pulse (SSIP) signal which 
originates in the CES to ensure that faults or 
propagation conditions do not lead to misinterpretation 
of call status and consequent overcharging of 
customers. Regular reception of this once-per-second 
pulse at the MES is necessary for continued call 
operation. Interruption by, for example, heavy rain at 
the CES will result in cessation of charging and clear 
down of the call. 

Earth station outages due to propagation are 
minimized by the use of Automatic Rain Compensation 
(ARC), a form of uplink power control. The ARC system 
stabilises the MES pilot level at the satellite by adjusting 
the uplink power to maintain a set difference in the 
carrier to noise ratios of the pilot and the satellite 
beacon received at the MES. The CES equipment then 
reacts to variation in the received pilot carrier/noise 
ratio. 


OPERATIONAL ASPECTS 


The central control concept employed in the INS 
allows for a high level of surveillance on all CES 
equipment connected to it. Alarms are signalled back 
to the MES as a result of failure of either power 
equipment, radio equipment or terminal equipment at 
the CES. They can be readily identified and appropriate 
maintenance procedures initiated. In addition, 
Automatic Polling of all CESs is generated by the MES 
at regular intervals. Failure of a CES to respond to such 
a poll will cause an alarm at the MES. In this way the 
MES is able to maintain a continuing and regularly 
updated knowledge of the status of all CESs that are 
connected to the service. 

After being connected to the INS Telecom will then 
provide 24 hour surveillance on the earth station and 
can offer a national back up service should the 
customer have an equipment failure. Thus, a full end 
to end service is offered by Telecom in the support of 
the INS. 

Equipment failures are attended to by Telecom 
trained staff and all repairs are handled by the National 
Operations Centre in Bendigo acting as the liaison point 
with the equipment supplier. There is a set of INS 
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spares which belong to the National Operations Centre 
but which have been distributed to strategic sites 
throughout Australia. Each State assumes responsibility 
for equipment in its spares store and co-ordinates with 
Bendigo where movement across State boundaries is 
required. 

An INS customer may connect all Telecom tested 
terminal equipment to his earth station and that 
includes most equipment currently being connected to 
the standard telephone network. 
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In the event that a special or unusual piece of 
terminal equipment is required by a customer, Telecom 
offers a test facility at which the equipment may be 
checked for suitability for connection. 


COMMERCIAL ASPECTS OF THE INS 

Commercial aspects of the INS have been arranged 
to allow State responsibility for the costing of customer 
requirements and the preparation of a contract which 
will be of one of two types: 

1. A Capital Contribution Contract, where a customer will 
pay the amount specified by Telecom as a once only 
payment. This will entitle the customer to operate 
his INS service with no further major payments for 
the earth station equipment. Terminal equipment 
and network utilisation changes will be billed in the 
normal way. These are usually longer term contracts. 

2. A Leasing Contract where the customer will pay the 
specified amount, on a monthly basis for usage of 
the earth station. Terminal equipment and network 
utilisation charges are billed on a monthly basis also. 

In both the above arrangements, ownership of the 
earth station remains with Telecom. 

All calls to or from the PSTN are charged at the 
Y rate and all ISD calls are charged at normal ISD rates 
with the NEAX exchange writing CCR for billing 
purposes. 

In respect of Transportable CESs, a customer may 
elect to have Telecom staff complete relocations which 
will be billed at commercial rates or train his own 
representative to complete such work. 

Methods of pricing individual customer applications 
for an INS service are beyond the scope of this paper, 
however, suffice to say that costs are high in 
comparison to standard Telecom connection costs. In 
this regard the INS must be viewed as a premium 
product utilising costly technology. 


PRESENT AND FUTURE APPLICATION 
OF INS 

Up to the present date the major users of INS are 
companies operating in remote parts of Australia where 
terrestrial solutions are not possible or economic. 

The use of transportable CESs allows for mobility 
that can not easily be achieved using terrestrial means. 
Many existing customers require this ability and 
consequently the development of a fleet of 
transportable CESs that can be garaged at strategic 
locations around Australia is now being pursued by 
Headquarters. These transportables will be readily 


towed by a Toyota Land Cruiser or similar and can be 
commissioned typically in 15-30 minutes. 

Growing interest in the INS has been shown by 
various State Governments which include Police and 
Security groups, Fire Protection groups and Emergency 
Services groups. 

In the future INS may be useful in providing service 
to customers in less remote areas of Australia but 
where cable laying costs or terrestrial radio solutions 
are not an economic or suitable solution. A typical 
example may be a construction site for a dam which 
is, for example, 20 km remote from the terrestrial 
network and which requires a service for 12 months. 
Provision of cable is a non-recoverable work and Single 
Channel Radio requires equipment racking and erection 
of towers which may not be a quick and easy fix for 
a temporary requirement. An INS transportable may 
be the most suitable solution. 

Another possibile application could be for 
provision of short duration telephony circuits at a 
sporting or commercial venue. The organisers of such 
an event may be happy to pay the INS costs to simplify 
arrangements and guarantee themselves service, 
especially in country areas where cable pairs may not 
always be available. 

Transportable user in the tourist industry may also 
develop and, of course, mining industry use us 
expected to expand. 
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“Yd settle for a bare bones spectrum analyzer 
just to have one right on my bench’ 


“Why settle?” For under 


$15,000, y: HP 8590A Portable RF 


that you can 
afford one 
for every 
bench. Yet it’s 
no stripped 
down, low- 
tech model. 

It's loaded. 

You'll find every essential 
measurement tool in the HP 8590A, 
plus more of the right bells and 
whistles than analyzers three times 
as expensive. 

And there’ a wide frequency range 
(10 kHz to 1.5 or 1.8 GHz), large 
amplitude range (-115 dBm to 
+ 30 dBm), plus 50 or 75-ohm input. 
Frequency accuracy runs + (5 MHz 
+ 1% of span). 

Take care of the basics with three 
simply labelled keys: FREQUENCY, 


HP 8590A 
Portable RF Spectrum Analyzer. 


Spectrum Analyzer is such a good py 


SPAN and AMPLITUDE. The entire 
keyboard is that easy to understand. 
There are 14 dedicated keys for 
common functions plus softkeys 

for over 80 special tasks. 

Three optional digital interfaces 
make the HP 8590A completely 
programmable for automated pro- 
duction testing. And you can use just 
about any desktop or HP hand-held 
computer to do it. 

Use the HP 8590A’s briefcase handle 
to carry it anywhere. It weighs just 
13 kgs, slips into all the tight spots, 
and it's sturdy enough to withstand 
the rigors of real portability. 


Pick up the phone and call 
HP’s Customer Information 
Centre STD-free on (008) 033 821 
to find out more on the HP 8590A 
Portable RF Spectrum Analyzer. 
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WE'RE ON THE MOVE. WORLDWIDE. 


ME520A/B Digital Trans- 
mission Analyzers 

Go for Anritsu’s winning duo — 
the sure way to detect trouble 
along a digital transmission line. 
The new ME520B, in particular, 
measures error performance — 
unavailable seconds, degraded 
minutes, severely errored sec- 
onds and errored seconds, 
name it — by a clock frequency 
of 64KHz — in accordance with 
CCITT Rec. G.821. 

Of course, you have a choice of 
other clock frequencies. 

With either the ME520A or 
ME520B, you can test and eval- 
uate CEPT and other digital 
transmission terminal and link 
equipment at hierarchy levels 
up to 170Mb/s. 

Both units generate output 


levels that comply with CCITT- 
specified digital requirements 
for complete end-to-end or 
loop-back measurement. 

A programmable 16-bit word 
test pattern complements a 
pseudorandom test pattern. 
Phase jitter is accurately meas- 
ured. Plus there’s an optional 
printer for long-term recording 
and analysis. 

Remote operation and automat- 
ic measurement? Try the GPIB 
interface. 

For more on how the ME520A 
and ME520B can track down 
rouble during R&D, production 
test, installation, maintenance 
and CEPT troubleshooting — 
for cable, radio, ‘satellite or fi- 
ber optic links — call or write 
Anritsu today. 
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